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CHAPF. 31F, DIV, |

. 3101F
3101F.6.2

Chapter 31F [For SLC]
MARINE OIL TERMINALS

Division |

SECTION 3101F [SLC] — INTRODUCTION

3101F.1 General. The Lempert-Keene-Seastrand oil spill preven-
tion and response act of 1990 (act), as amended, authorized the
California State Lands Commission (SLC) lo regulale mariné oil
terminals (MOTS) in order to protect public health, safety, and the
environment. The authority for this regulation is contained in Sec-
tions 8755 and 8756 of the California Public Resources Code.
This act defines “oil” as any kind of petroleum, liquid hydrocar-
bons, or petroleum products or any fraction or residues thereof,
including but not limited to, crude oil, bunker fuel, gasoline, diesel
[uel, aviation fuel, oil sludge, oil refuse, oil mixed with waste, and
liquid distillates from unprocessed natural gas. The provisions of
this Chapter regulate marine oil terminals as def" ned under this
acl,

3101F.2 Purpose. The purpose of lhzs Code is to establzsh mini-
mum engineering, inspection and maintenance criteria for MOTs
in order- to prevent oil spills and to protect public health, safety
and the environiment. This Code does nol,.in general, address op-
erational requirements. Relevant provisions from existing codeés,
industry ‘standards, recommended practices, regulations and
guidelines have been incorporated directly or through reference,
as part of this Code.

* Where there are differing requirements between this Code and)/
or references ciled herein, the choice of application shall be sub-
Jject to approval of the Marine Facilities Division (Division) of the

LC. . : : -

In special circumslances where certain requirements of these
standards cannot be met, alternatives that provide an equal or bet-
ter protection of the public health, safety and the environment
shall be subject to Division approval.

3101F.3 Applicability. The provisions of this Chapter are appli-
cable to the evaluation of existing MOTs and design of new MOTs
in California. Each provision is classified as New (N), Existing
(E), or Both (N/E) and shall be applied accordingly. If no-classifi-
cation is indicated, the clas.siﬁcation shall be considered to be
(NIE).

Existing (E) reqmrements apply to0 MOTs that are in operation
on the date this Code is adopted. For these MOTS, equivalent or
in-kind replacement of existing equipment, short pipeline sec-
tions, or minor modification of existing components shall also be
subject to the e\'zslmg (E) requirements.

New (N) requirements apply to:

1. AMOT or berthing system (subsection 3102F1. 3) lhat com-

mences or recommences operation with a new or modified opera-
tions manual after adoption of this Code.

2. Addition of new structural components or systems at an ex-
isting MOT that are stricturally independent of existing compo-
nenls or sysitems..

3. Addition of new (non-replac ement) equipment, piping, pzpe-
luu.s components or systems o an existing MOT.

4. Major repuirs or substantially modified in-pluce systems.
5. Any associated major installations or modifications.

\ 3101F4 Overview. This Code ensures that a MOT can be safely

operated within its inherent structur al and equipment- /elaled
constraints.
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Section3102F defines minimum requirements for audit, inspec-
tion and evaluation of the structural, electrical and mechanical
systems on a prescr ibed periodic basis, or followmg a significant
damage-causing event.

Section3103F 3104F and 3107F provide criteria for structural
loading, deformation and performance-based evaluation consid-
ering earthquake, wind, wave, current, seiche and tsunami effects.

Section 3105F provides requirements for the safe mooring and
berthing of tank vessels and barges.

-Section 3106F describes requirements for geotechnical haz-
ards and foundation analyses, including consideration of slope
stability and soil failure. .

Section 3108F provides requirements for fire prevention, detec-
tion and suppression including appropriate water and foam vol-
umes.

Sections 3109F lhrough 31011F provide requirements for pip-
ing, mechanical and electrical equipment.

English units are prescribed herein; however, many of the units

. in the references are in System International (SI).

3101F.5 «Risk:Reduction:Strategies: Risk reduction stralegies,
such as pipeline segmentation devices, system flexibilily and spill
containment devices may be used (o reduce the size of a potential

 oilspill. Such strategies may reduce the MOT risk classification as

determined from Table 31F-4-1.
3101F.6 Review Requirements.

. 31 01F.6.1 Quality Assurance. All audits, inspections, engineer-

ing analyses or design shall be reviewed by a professional having
similar or higher qualifications as the person who performed the
work, to ensure quality assurance. This review may be performed
in-house.

Peer review is required for nonlinear dynamic structiral analy-
ses and allernative lateral force procedures not prescribed herein.
The peer review may be from an independent inlernal or external
source. The peer reviewer shall be a California registered civil or
structural engineer.

3101F.6.2 Division Review. The following will be subject 1o re-
view and approval by the Division or its designated representa-
tive(s) for compliance with this Code:

1. Any audil, mspeclton, analysis or evaluation of existing
MOTs.

2. Anysignificant change, modification or re-design of a struc-
tural, mooring, fire, piping/pipelines, mechanical or electrical
sysiem at an existing MOT, prior to use or reuse.

3. Engineering a/mlyszs and design for any new MOT prior to
construction.

4. Construction inspection team and the construction inspec-
tion repori(s).

Authorily: Sections 8755 and 8757, Public Resources Code.
Reference: Sections 8750,8751,8755 and 8757, Public Resources
Codle.

1-294.25 .
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CHAF. 31F, DIV, 2
3102F
TABLE 31F-2-2

SECTION 3102F — AUDIT AND INSPECTION
3102F.1 ‘General.

3102F.1.1 Purpose. Section 3102F defines minimum require-
ments for audit, inspection, and evaluation of the structural, me-
chanical and electrical components and systems.

3102F.1.2 Audit and Inspections Types. The audit and inspec-

[2.1] are:

1. ‘Annual Inspection

2. Audit

3. Post-Event Inspection

Each has a distinct purpose and is conducted either at a defined
interval (see Tables 31 F-2-1 and 31F-2-2), as a result of a poten-
tially damaging event or a significant.change in operations. In the
time between audits and inspections, operalors are expected to
conduct periodic walk-down examinations of the MOT (o detect
potentially unsafe conditions.

TABLE 31F-2-1
INITIAL AUDIT REPORT SUBMISSION DEADLINE
FOR EXISTING BERTHING SYSTEMS

RISK CLASSIFICATION? SUBMISSION DEADLINE?
: High 30 Months
Medium .. 48 Months
Low 60 Months-

Tas defined in Tables 31F-4-1 and 3#75-1.
2From the effective date of this Chapter (31F).

3102F.1.3 Berthing Systems. For the purpose of assigning struc-
tural ratings and documenting the condition of mechanical and
electrical systems, an MOT shall be divided into independent

tions described in this Chapter (31F) and 2 CCR 2320 (a) and (b)-

2001 CALIFORNIA BUILDING CODE

Division 2

“berthing systems.” A berthing system consists of the wharf and
supporting structure, mechanical and electrical components that
serve the berth and the entire pipeline from the loading arm or
manifold (o the last valve before the pipeline enters a tank storage
area.

- For example, a MOT consisting of wharves with three berths
adjacent to the shoreline could contain three independent “berth-
ing systems” if the piping does not route through adjacent berths.
Therefore, a significant defect that would resirict the operation of
one berth would have no impact on the other two berths. Con-
versely, if a T-head Pier, with multiple berths sharing a trestle that
supporis all piping to the shoreline, had a significant deficiency on
the common trestle, the operation of all berths could be adversely
impacted. This configuration is classified as a single berthing sys-
tem. :

The physical boundaries of a berthing system may exclude un-
used sections of a structure. Excluded sections must be physically
isolated from the berthing system. Expansion joints may provide
this isolation.

3102F.14 Records. All MOTs shall have records reflecting cur-
rent, as-built conditions for all berthing systems. Records shall in-
clude, but not be limited to modifications and/or replacement of
structural components, electrical or mechanical equipment or
relevant operational changes, new construction including design
drawings, calculations, engineering anaolyses,” soil borings,
equipment manuals, specifications, shop drawings, technical and
maintenance manuals and documents.

Chronological records and reports of Annual Inspections, Au-
dits and Post-Event Inspections and documentalion of equipment
or structural changes shall be maintained,

Records shall be indexed and be readily accessible to the Divi-
sion (see 2 CCR Section 2320 (c) (2)) [2.1].

: TABLE 31F-22 '
MAXIMUM INTERVAL BETWEEN UNDERWATER AUDIT INSPECTIONS (YEARS)1
: . CONSTRUCTION MATERIAL
Unwrapped Timber or Unprotected Steel Concrste, Wrapped Timber, Protected Steef or
CONDITION RATING {no coating or cathodic protection)4 Composite Materlals (FAP, plastic, etc.)? CHANNEL BOTTOM OR MUD LINE—SCOUR#
) A ived ' 3 . A
FIZZASIIPEERCE’}I/‘IJ%US Benign? Environment sﬁ%ﬁfn'ém Benlgn? Environment égﬂrg;%:%t Benign? Envi) . Egug’l"esslves
6 6 . 4 6 5 6 5
(Good) .
5 ' 6 : .4 6 5 : 6 5
(Satisfactory) . . ) ’ :
4 5 . 3 5. - 4 6 5
(Fair) 1 .
3 4 3 5 4 6 ’ 5
(Poor) .
2 : 1 2 2 2 2
(Serious)
1 NIAS N/AI N/AS N/AS N/AS N/AS
(Critical)

of further anticipated deterioration or other factors.

calendar year:

1-294.26

"The maximum interval between Underwater Audit Inspectionsshall be reduced as appropriate based on the extent of deterioration observed ona structure, therate

2 . YOV U SRR S R . . . P . . PR ~ . . P . . o .
“Denigi eivdironinienis include fresit waier und muximum current veiociiies fess than 1.5 knots for tie majority of the days in a caiendar year.
YA ggressive environments include brackish or salt water; polluted water, or waters with current velocities greater than 1.5 knots for the majority of the days in the

For most structures, two maximum intervals will be shown in this table, one for the assessment of construction material (timber; concrete, steel, etc.) and one for
scour (last 2 columns). The shorter interval of the two should dictate the maximum interval used.

SMOTs rated “Critical” will not be operational; and Emergency Action shall be required in accordance with Table 31F-2-7.
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3102F.1.5 Baseline Inspection.If “as-built” or subsequent mod-
ification drawings are not available, incomplete, or inaccurate,
the Audit must include a Baseline Inspection to gather data in suf-

Sicient detail 1o adequately evaluate the MOT.

The level of detail required shall be such that structural member
sizes, connection und reinforcing details are documented, if re-
quired in the structural analysis. In addition, the strength andfor
ductility characteristics of construction materials shall be deter-
mined, as appropriate. Nondestructive testing, partially destruc-
tive lesting and/or laboratory testing methods may be used.

All Jire, piping, mechanical and electrical systems shall be doc-
umented as to location, capacity, operating lumts and physical
conditions. .

3102F.2.AnnudlInspection. The Annual Inspection required by

2CCR2320(a)(1) [2.1], may include an engineering examination
of the lopside and underside areas of the dock, including the
splashzone. The Division shall perform the inspection, with coop-
eration from the ownerfoperator. Observations will be recorded
and a reportofviolations and deficiencies shall be provided to the
operalor. :

Subject to operalmg procedures, a boat shall be provzded lo fa-
cilitale the inspection of the dock undersides and piles down (o the
splash zone. If a boat is not available or the under dock inspection
cannol be performed by the Division during the Annual Inspec-
iion, the MOT operator shall carry out or cause to be carried out,
such an inspection. The operator will then provide the Division

with a report detailing the examination resulls inchidings

phetographs;wideos-and.sketches:as:nécessaiyitoraccurately.de:
Dict.the;state of:theundersideiof the:dockss.

3102F.3 -Audit.

3102F.3.1 Objective. The objective of the Audit is lo review struc-
tural, mechanical and electrical systems on a prescribed periodic

basis to verify that each berthing system is fit for its specific de- .

fined purpose. The Audit includes both above water and underwa-

ter inspections, as well as engineering analyses.

3102F.3.2 Overview. The Initial Audit shall include above water
and underwater siructural inspections, mooring, berthing and
structural evaluations; and electrical/mechanical systems eva-
luation. The audit is performed by a multidisciplinary team of en-
gineers, qualified inspectors and may mclude Division
representatives. :

The above waler inspeclion involves an examination of all

structural, mechanical and electrical components above the wa-.

terline. Structural defects and their severity shall be documented,

but the exacl size and location of .each deficiency is typically not '

required.

Represenlalive underwater sampling may be acceptable with
Division approval, for cases of limited visibility, -heavy marine
growth, restricted inspection times because of environmenlal fac-
tors (currents, water temperalures, elc. ) or a very large number of
piles [2.2].

A global Condition Assessment Rating (CAR) shall be asszgnec[
to above and underwater structural systems (Table 31F-2-5).

Remedial Action Priorities (RAP) shall be assigned for compo-
nent deficiencies (Table 31F-2-6). Recommendations for remedi-
ation andfor upgrading shall be prescribed as necessary.

AnAudit is not considered complete until the Audit Report is re-
ceived by the Division.
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i CHAP. 31F, DIV, 2
3102F1.5
3102F.3.4.3

3102F.3.3 Schedule.

3102F.3.3.1 Initial Audit. Tuble 31F-2-1 provides the deadlines
for the submission of the Initial Audit report. The MOT classifica-
tion in Tuble 31F-2-1 is determined from the higher assigned risk
classification obtained from Table 31 F-4-1.

For a new MOT berthing system, the Initial Audit shall be per-
Jormed within three years of commencement of operations.

3102F.3.3.2 Subsequent Audits. An above waler Audit of struc-
tural, mechanical and electrical systems shall be completed at a
maximum interval of 3 years. This interval mity be reduced, based
on the recommendation of the Audit Team Leader, and with the ap-
proval of the Division, depending on the extent and rale of deterio-
ration or other [actors.

The maximum interval for underwater Audits is dependent upon
the condition of the Jacility, the construction material type andfor
the environment at the mudline, as shown in Table 31F-2-2.

fthere are no 'c}zanges in the defined purpose (see subsection
3102F.3.6.1) of the berthing system, then analyses from previous
Audits may be referenced, Howevei, if there is a significant change

in a berthing system, or when deterioration or damage must be .

considered, a new analysis may be required.

The Division may require an Audit to justify changes in the use
of a berthing system. An example of such change would be in the
berthing and mooring configuration of larger or smaller vessels

. relative to dolphin and fender spacing, and potential resultant

modification to operational environmental limitations (e.g. wind
speed). ‘

Subsequent audits of the above water and uriderwaler struc-
tures and mechanical and electrical systems may or may not be

performed concurrently, depending upon-the required inspection

intervals based on the prior audit report.
3102F.3.4 Audit Teani.

3102F.3.4.1 Project Manager. The Audit shall be conducted by a
multidisciplinary team under the direction of a Project Manager
representing the MOT. The Project Manager shall have specific
knowledge of the MOT and may serve other roles on the Audit
Team.

3102F.3.4.2 Audit Team Leader. The Audit Team Leader shall
lead the on-site audit team and shall be responsible for directing
[field activities, including the inspection of all structural, mechani-
cal and electrical systems. The Team Leader shall be a California
registered civil or siructural engineer and may serve other roles
on the audit team.

3102F.3.4.3 Structural Inspection Team. The structural inspec-
tion shall be conducied under the direction of a registered civil or
structural engineer.

All members of the structural inspection team shall be gradu-
ates of a 4-year civil/structural engineering, or closely related
(ocean/coastal) engineering curriculum, and shall have been cer-
lified as an Engineer-in-Training; or shall be technicians who
have completed a course of study in structural inspections. The
minimum acceplable course in structural inspections shall in-
clude 80 hours of instruction specifically related (o structural in-
spection, followed by successful completion of a comprehensive
examination, An example of an acceplable course is the U.S. De-
partment of Transportation’s “Safety Inspection of In-Service
Bridges”. Certification as a Level IV Bridge Inspector by the Na-
tional Institute of Certification in Engineering Technologies (NI-
CET) shall also be acceptable [2.3].

For underwater inspections, the registered civil or structural
engineer directing the underwater structural inspection shall also
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CHAP. 31F, DIV. 2
3102F.3.4.3 ,
3102F.3.5.3.2

be a commercially trained diver or equivalent and shall actively
participate in the inspection, by personally conducting a mini-
mum of 25 percent of the underwater examination [2.3].

Each underwater team member shall also be a commercially
trained diver, or equivalent. Divers performing manual tasks such
as cleaning or supporting the diving operation, but not conducting
or reporting on inspections, may have lesser technical qualifica-
tions [2.3].

3102F.3.4.4 Seismic Structural Analyst. A California registered
civil or structural engineer shall perform the seismic structural
evaluation required for the Audit. . .

<
3102F.3.4.5 Electrical Inspection Team. A registered electrical
engineer shall direct the on-sile team performing the inspection
and evaluation of elecirical components and systems.

3102F3.4.6 ‘Mechanical Inspection Team. A registered engi-
neer shall direct the on-site team performing the inspection of
pipeline, mechanical and fire systems.

3102F.3.4.7 Divisional Representation; The Division represen-
tative(s) may participate.in any Audil as observer(s) and may pro-
vide guidance. )

3102F.3.5 Scope of Inspection.

3102F.3.5.1 Above Water Structural Inspection. The above wa-
ter inspection shall include all accessible components above +3 [t
MLLEW. Accessible components shall be defined as those compo-
nenls above and below deck that are reachable without the need
Jor excavation or extensive removal of materials that may impair
visual inspection. The above water inspection shall include but
nol be limited to the following: :

1. Piles
Pile caps

N

Beams

. Deck sofﬁl .

. Bracing

. Retaining walls and bulkheads

N S LA W

Connections

. Seawalls

o &

. Slope protection

~
S

Deck topsides and curbing

M Y
~

. Expansion joints

~
N

. Fender system components

~
[S1}

. Dolphins and deadmen

~
A

Mooring points and hardware

~
(%}

. Navigation aids

~
5N

. Platforms, ladders, stairs, handr: azls and gzmgways
17. Backfill (sinkholes/differential settlement)
3102F.3.5.2 UnderwaterStructural Inspection. The underwater

inspection shall include all accessible components from +3 ft
MLLW (o the mudline, including the slope and slope protection, in

areas immediately surrounding the MOT. The water depth at the

berth{s) shall be evaluated, verifyiig ilie inaiiiiin or luaded drufi
specified in the MOT's Operations Manual (2 CCR 2385 (d))
[2.1].

The underwater structural inspection shall include the Level I,
Il and III inspection efforts, as shown in Tables 31F-2-3 and

1-294.28
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31F-2-4. The underwater inspection levels of effort are described
below, per [2.3]: .

Level I—Includes a close visual examination, or a tactile ex-
amination using large sweeping motions of the hands where visi-
bility is limited. Although the Level I effort is often referred to as a
“Swim-By" inspection, it must be detailed enough lo delect ob-
vious major damage or deterioration due lo overstress or other se-
vere deterioration. It should confirm the continuity of the full
length of all members and detect undermining or exposure of nor-
mally buried elements. A Level I effort may also include limited
probing of the substructure and adjacent channel bottam

Level II—A detailed inspection which requires marine growth
removal from a representative sampling of components within the

structure. For piles, a 12-inch high band should be cleaned at des-
ignated locations, generally near the low waterline, at the mud-

line, and midway between the low waterline and the mudline. Ona
rectangular pile, the marine.growth removal should include at
least three sides; on an octagon pile, at least six sides; on a round
pile, at least three-fourths of the perimeter. On large diameter
piles, 3 ft or greater, marine growth removal should be effected on
1 ft by 1 ft areas at four locations approximately equally spaced
around the perimeter; at each elevation. On large solid faced ele-
menis such as retaining structures, marine growth removal should
beeffectedon 1 ft by 1 ft areas at the three specified elevations. The
inspection should also focus on typical areas of weakness, such as
attachment points and welds. The Level I effort is intended to de-
tect and identify damaged and deteriorated areas that may be hid-
den by surface biofouling. The thoroughness of marine growth
removal should be governed by what is necessary to discern the
condition of the underlying structural material. Removal of all
biofouling staining is generally not required.

Level II—A detailed inspection typically involving nonde-
structive or partially-destructive testing, conducted to detect hid-
den or interior damage, or to evaluate material homogeneity.

Typical inspection and testing techniques include the use of ul-

. lrasonics, coring or boring, physical material sampling and in-

situ hardness testing. Level III testing is generally limited to key
structural areas, areas which are suspect, or areas which may be
representative of the underwater structure.

3102F.3.5.3 Special Inspection Considerations.

3102F.3.5.3.1 Coated Components. For coated steel compo-
nents, Level I and Level Il efforts should focus on the evaluation of
the integrity and effectiveness of the coating. The piles should be
inspected without damaging the coating. Level IIT efforts should

. include ultrasonic thickness measurements without removal of the

coating, where feasible.

3102F.3.5.3.2 Encased Components. For steel, concrete or tim-
ber components that have been encased, the Level I and II efforts
should focus on the evaluation of the integrity of the encasement. If
evidence of significant damage to the encasement is present, or if
evidence of significant deterioration of the underlying component
is present, then the damage evaluation should consider whether
the encasement was provided for protection andfor structural ca-
pacity. Encasements should not typically be removed for an Audit,

For encasements on which the formwork has been lefi in place,
the inspection should focus on the integrity of the encasement, rot
the formwork. Level I and Level Il efforts in such cases should eon-
centrate on the lop and bottom of the encasement. For concrete
components, if deterioration, loss of bonding, or other significant
problems with the encasement are suspecled, it may be necessary
to conduct a Special Inspection, including coring of the encase-
ment and luboratory evaluation of the materials.
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2001 CALIFORNIA BUILDING CODE
.3102F.3.5.4

TABLE 31F-2-3
UNDERWATER INSPECTION LEVELS OF EFFORT [2.3]
DETECTABLE DEFECTS
LEVEL PURPOSE Steel Concrete Timber Composite
General visualltactile Extensive corrosion, holes | Major spalling and Major loss of section Permanent deformation
/ Jefl 1y . ekl . . .
:Z’?II;;'I"[’;(Z'(I)I’:[[‘;;’{Z{‘; 'I'I" / Severe mechanical damage | ' ucking Broken piles and bracings | Broken piles
! detect severe damage '?g;fﬁ(:fiﬁ;”ﬁ)rcw"‘”” Severe abrasion or marine | Major cracking or
Lonie. borer attack mechanical damage
Broken piles
To detect surface defects Moderate mechanical Surface cracking and External pile damage due | Cracking
normally obscured by damage spalling to marine borers Delamination
g | Mmartne gro wth "Corrosion pitting and loss | Rust staining Splintered piles Mat e;'ia I de g,; adation
of section Exposed reinforcing steel | Loss of bolts and fasteners
¢ . et ; - .
andfor prestressing strands | p ot or insect infestation .
To detect hidden or Thickness of material Location of reinforcing Internal damage due to N/A
Z;I:;r;ofr gézgiﬁe,t gt;z;/;mte Electrical potentials for steel ) I:I[I.Z’ll‘le borers (internal
aren oﬁ eva luafew ; rerial cathodic protection .| Beginning of corrosion of | Vo s)
I ’ . m reinforcing steel Decrease in material
. homogeneity ; strength
. Internal voids
Change in' material
strength
TABLE 31F-24
SCOPE OF UNDERWATER INSPECTIONS [2.3]
SAMPLE SIZE AND METHODOLOGY™" 2
Steel - Concrete Timber Composite Slope Protec-
tion, Channel
Bulkheads/Re- Bulkheads/Re-~ Buikheads/Ae- Bottom or Mud
LEVEL R Piles taining Walls Piles taining Walls Piles taining Walls . Piles Line-Scour
P I ° |-Sample Size: 100% .. 100% 100% 100% 100% 100% 100% 100%
) Method: Visual/Tuctile Visuul/Tuctile Visual/Tuctile Visual/Tuctile Visual/Tuctile VisuallTactile | Visual/Tuctile Visual/Tuctile
i Sample Size: 10% Every 100 LF 10% Every 100 LF 0% Every 50 LF 10% 0%
Method: Visual: Removal | Visual: Removal | Visual: Removal | Visual: Removal -| Visual: Removal | Visual: Removal | Visual: Removal
. of marine of marine of marine of marine of marine of marine of marine
growthin3 | growth in 1 SF | growth in 3 growthin 1 SF | growthon 3 growthin I'SF | growthin 3
bands areas hands areas bands areas bunds
. . Measurement:
Remaining
. . . diameter
1| Sumple Size: | 5% Every 200 LF 0% 0% 5% Every 100 LF 0% 0%
Method: R g Remaining - N/A NIA Internal marine | Internal marine
: thickness thickness borer borer
measurement; measurement; inft ion infe i
electrical o| electrical evall evall
potential potential
measurement; | measurement;
Cf)l‘f()Si(}ll corrosion
profiling as profiling as
necessary necessary

Thestated sample size may be reduced in the case of large structures wherestatistically representativé sampling can be demoistrated to the Division inaccordance
with these standards. The sampling plan must be representativeof all areas and component types (i.e. approachtrestles, pier/wharf, dolphins, inboard, outboard,
batter; vertical, concrete, steel, timber, etc.). Any reduced sampling plan proposedto the Divisionmust include the Level l inspection of all piles around the perime-
terofthe facility where vessels may berth or where debris may impact or accumulate. If the reduced sampling plan proposes to conduct less than 100 percent Level
1 effort, then the results of the inspection must.be carefully monitored. If significant deterioration is observed on any component, which could reasonably be ex-
pected to be present on additional components, and which could have a detrimental effect on the load bearing capacity of thestructure either locally or globally,

then the inspection scope shall be increased to.include a 100 percent Level [ effort. See reference [ 2.2]. .

2The minimum inspection sampling size for small structures shall include at least two components.
LF = Linear Feet; SF = Square Feet; N/A = Not Applicable

3102F.3.5.3.3 Wrapped Components. For sleel, concrete or lim-
ber components that have been wrapped, the Level I and Il efforts-
should focus on the evaluation of the integrity of the wrap. Since
the effectiveness of a wrap may be compromised by removal, and
- since the removal and re-installation of wraps is lime-consuming,
it should not be routinely done. However, if evidence of significant
_damage exists, or if the effectiveness of the wraps is in question,
then samples should be removed to facilitate the inspection and
evaluation. The samples may be limited to particular zones or por-
tions of mrembers if damage is suspected, based on the physical ev-
idence of potential problems. A minimum sample size of three
members should be used. A five-percent sample size, up to 30 total
members, may be adequale as an upper limil. '

For wrapped timber components, Level III efforts should con-
sist of removal of the wraps [rom a representative sample of com-

ponents in order to evaluale the condition of the timber beneath
the wrap. The sample may be limiled to particular zones or por-
lions of the members if damage is suspected (e.g. at the mudline/
bottom of wrup or in the tidal zone). The sumple size should be
determined based on the physical evidence of potential problems
and the aggressiveness of the environment. A minimum sample
size of three members should be used. A five-percent sample size,
up to 30 total members, may be adequate as an upper limit.

>Q»0

3102F.3.54 Mechanical and Electrical Equipment. The inspec-
tion of mechanical and electrical equipment shall include but not
be limited 1o the following componenis and sysiems:

1. Loading arms
2. Cranes and lifting equipment, including cables
3. Piping/manifolds and supports
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3102F3.5.4
TABLE 31F-2-5

+~

. Oil transfer hoses

. Fire detection and suppression systems
. Vapor control system

. Sumps/sump tanks

. Vent systems

W S N & U

. Pumps and pump systems
10.
11. Communications equipn‘zent
12:
13.
14.
15.
10.
17.
18.

Lighting

Gangways

Electrical switches and junction boxeés
Emergency power equipment

Air compressors

Meters

Cathodic protection systems

Winches

19. ESD and other control systems

20. Ladders

All alarms, limit switches, load cells, current meters, anemome-
ters, leak detection equipment, etc., shall be operated andjor
tested to the extent feasible, to ensure proper function.

3102F:3.6 Evaluation and Assessment.

3102F.3.6.1 Terminal Operating Limits. The physical bound-
aries of the facility shall be defined by the berthing system operat-
ing limits, along with the vessel size-limits and environmental
conditions. :

2001 CALIFORNIA BUILDING CODE

The Audit shall include a “Statement of Terminal Operating
Limits™, which must provide a concise statement of the purpose of
each berthing system in terms of operating limits, This description
must at least include, the minimuum and maxinwum vessel sizes, in-
cluding Length Overall (LOA), beam, and maximum draft with as-
sociated displacement (see Fig. 31F-2-1).

In establishing limits for both the minimum and maximim ves-
sel sizes, due consideration shall be given to water depths, dolphin
spacing, fender system limitations, manifold height and hose/
loading arm reach, with allowances for tidal fluctuations, surge
and drift.

Maximum wind, current or wave conditions, or combinations
thereof; shall be clearly defined as limiting conditions for vessels
at each berth, both with and without active product transfer:

3102F.3.6.2 Mooringand Berthing.Mooring and berthing anal-
yses shall be performed in accordance with Section 3105F. The
analyses shall be consistent with the terminal operating limits and
the structural configuration of the wharf and/or dolphins and as-
sociated hardware.

3102F.3.6.3 Structure. A structural evaluation, including a seis-
mic analysis, shall be performed in accordance with Sections
310F3 through 3107F. Such evaluation shall consider local or
global reduction in capacity, as determined from the inspection.

Based on inspection results, siructural analyses and engineer-

ing judgment, CARs shall be assigned on a global basis, indepen-
dently for above and underwater structures. The CARs defined in
Table 31F-2-5 shall be used for this purpose. The CAR documents
the structural fitness-for-purpose. Structuralcomponent deficien-
cies may be assigned RAPs as per Table 31F-2-6. The assigned
ratings shall remain in effect until all the significant corrective ac-

- tion has been completed o the satisfaction of the Division, or until

completion of the next Audit.

TABLE 31F-2-5 .
CONDITION ASSESSMENT RATINGS (CAR) [2.3]

RATING

DESCRIPTION OF STRUCTURAL SYSTEMS, ABOVE AND BELOW WATER LINE

6 Good -

No problems or only minor problems noted. Structural elements may show very minor deterioration, but no overstressing observed.
The capacity of the structure meets the requirements of this standard,

The structure should be considered fit-for-purpose. No repairs or upgrades are required.

5 | Satisfactory
’ requirements of this standard.

Limited minor to moderate defects or deterioration observed, but no overstressing observed. The capacity of the structure meets the

The structure should be considered fit-for-purpose. No repairs or upgrades are required.

4 Fair

evaluation.

All primary structural elements are sound; but minor to moderate defects or deterioration observed, Localized areas of moderate to
advanced deterioration may be present, but do not significantly reduce the load bearing capacity of the structure. The capacity of the
structure is no more than 15 percent below the structural requirements of this standard, as determined from an engineering

The structure should bé considered as marginal. Repair and/or upgrade measures may be required to remain operational. Facility
may remain operational provided a plan and schedule for remedial action is presented to and accepted by the Division.

3 Poor

Advanced deterioration or overstressing observed on widespread portions of the structure, but does not significantly reduce the load
bearing capacity of the structure. The capacity of the structure is no more than 25 percent below the structural requirements of this
standard, as determined from an engineering evaluation,

The structure is not fit-for-purpose. Repair andfor upgrade measures may be required to remain operational, The facility may be
allowed to remain operational on a restricted or contingency basis until the deficiencies are corrected, provided a plan'and schedule
for such work is presented to and accepted by the Division,

2 Serious

'| presented to and accepted by the Division,

Advanced deterioration, overstressing or breakage may have significantly affected the load bearing capacity of primary structural
components. Local failures are possible and loading restrictions may be necessary. The capacity of the structure is more than 25
percent below than the structural requirements of this standard, as determined from an engineering evaluation,

The structure is not fit-for-purpose. Repairs andfor upgrade measures may be required to remain operational. The facility may be
allowed 1o remain operational on a restricted basis until the deficiencies are corrected, provided a plan and schedule for such work is

l Critical

Very advanced deterioration, overstressing or breakage has resulted in localized failure(s) of primary structural components. More
widespread failures are possible or likely to occur and load restrictions should be implemented as necessary. The capacity of the
structure is critically deficient relative to the structural requirements of this standard. .

The structure is not fit-for-purpose. The facility shall cease operations until deficiencies are corrected and accepted by the Division,

1-294.30
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TABLE 31F-26
3102F.3.9

TABLE 31F-2-6
COMPONENT DEFICIENCY REMEDIAL ACTION PRIORITIES (RAP)
REMEDIAL
PRIORITIES DESCRIPTION AND REMEDIAL ACTIONS
P Specified whenever a condition that poses an immediate threat 1o public health, safety or the environment is observed. Emergency Actions may
consist of barricading or closing all or portions of the berthing system, evacuating product lines and ceasing transfer operations.
The berthing system is not fi-for-purpose. lmmediate remedial actions are required prior to the contimance of normal operations.
P2 Specified whenever defects or deficiencies pose a potential threat to public health, safety and the environment. Actions may cousist of limiting
or restricting operations until remedial measures have been compleled.
The berthing system is not fit-for-purpose. This priority requires investigation, evaluation and u rgent action.
P3 Specified whenever systems require upgrading in order to comply w:t/z the requirement of these standards or current applicable codes. These
deficiencies do not require emergency or urgent actions.
The MOT may have limitations placed on its operational status.
P4 Specified whenever damage or defects requu ing repair are observed.
The berthing system is fli-for-purpose.
R Recommended action is a good engineering/maintenance praciice, but not I(:‘[]llll 'ed by these standards.
The berthing system is fit-for-purpose.

3102F.3.6.4 Mechanical and Elecsrical Systems. An evaluation
of all mechanical and electrical systems and components shall be
performed in accordance with Sections 3108F through 3111F of
these standards. If a pipeline analysis is required, forces and im-
posed seismic displacements resulting [rom the structural analy-
sis shall be considered. Mechanical and electrical component
deficiencies shall be assigned ratings from Table 31F-2-6.

3102F.3.7 Follow-up Actions. Structural follow-up actions as
described in Tuble 31F-2-7 shall be prescribed. Multiple follow-
up actions may be asszgzzed however, guidance should be pro-
vided as 1o the order in wkzch the follaw~up acuons s/wulcl be
carried oul.

If a CAR of “1” (Table 31F-2-5) or a RAP of “P1” (Table
31F-2-6) or “Emergency Action” using Table 31F-2-7, is as-
signed (o a berthing system, the Division shall be notified immedi-
ately. The audit report shall include implementation schedules for
all follow-up and remedial actions. Follow-up and remedial ac-
lions and implementation schedules are subject to Division appro-
val. -Follow-up actions shall also state the maximum interval
before the’ next audit.

3102F.3.8 Documentation and Reporting. The audit reportshall
be signed and stamped by 1he Audit Team Leader. :

Each Audit, whether partial oi complete,. shall be adequalely -

documented. Partial audils cover only specific systems or equip-

ment examined. The resulting report shall summarize and refer- -

ence relevant previous ratings and deficiencies.

The contents of the audil report for each berthing system shall,
at a minimum, include the following as appropriate:

Executive Summary — a concise summary of the audit results
and analyses conclusions. It shall include summary information
for each berthing system, including an overview of the assigned
Sollow-up actions (See Examp!e Tables ES-1 and ES-2). -

Table of Contents

Body of Report

Introduction— a brief descripltion of the purpose and scope of
the audit,-as well as a description of the znspecuon/evaluatzon
methodology used for the audit.

Existing Conditions — a brief description, along with a sum-
mary of the observed conditions. Subsections should be used to
describe the above water structure, underwater structure and me-
chanical and electrical systems, to the extent each are included in
the scope of the audit. Photos, plan views and sketches shall be uti-
lized as appropriate lo describe the structure and the observed
conditions. Details of the inspection results such as test data, mea-
surements data, etc., shall be documented in an appendix.

JANUARY 81, 2005 SUPPLEMENT .

Evaluation and Assessment — a CAR shall be assigned (o

_ Structural systems (above and under water). Mooring and berth-

ing analyses, structural analysis resulls, and all supporting cal-
culations shall be included in appendices as appropriate. (o
substantiate the ratings. However, the resulls and recommenda-
tions of the engineering analyses shall be included in this section.
Component deficiencies should be described and a corresponding
RAP assigned.

Follow-up Actions — Specific structural follow-up actions
shall be documented (Table 31F-2-7), and remedial schedules in-

cluded, for each audited system. Audit Team Leaders shall specify

which follow-up actions require a California registered engineer
to certify that the completion is acceptable.

Appendices — When appropriate, the following appendzces
shall be included:

1. Background data on the lerminal - description of the service
environment (wind/waves/currents), extent and type of marine
growth, unusual environmental conditions, .eic.

2. Inspection/testing data -
3. Mooring and berthing analyses
4. Structural and seismic analyses and calculations
5. Geotechnical report
6. MOT Fire Plan
7. Pipeline stress and displacement analyses
8. Mechanical and electrical sysiem documentation

9. Photographs andfor skeiches shall be included to document
lypical conditions and referenced deficiencies, and lo justify
CARs and RAPs.

10. ConditionAssessmentRating (CAR) repori and supporting
data

11. Remedial Action Priorities (RAP) report and supporting
data - - :

3102F.3.9 Action Plan Implementation Report. Within 90 days
of completion of the remedial measures (for serious deficiencies,
such as P1, P2 or any struciural CAR less than 5) specified in the
Jollow-up action plan(s), a report shall be submitted to the Divi-
sion and shall include: .

1. A description of each action laken
2. Updated RAPs and CARs

3. Supporting documentation with calculations and/or rele-
vanl dala
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3102F.4.1
TABLE 31F-2-7
STRUCTURAL FOLLOW-UP ACTIONS [2.3]
FOLLOW-UP ACTION DESCRIPTION

Emergency Action

Specified whenever a condition which poses an inunediate threat 10 public health, safewy or the environment is observed,
Emergency Actions may consist of barricading or closing all or portions of the berthing system, limiting vessel size, placing load
restrictions, evacuating product lines, ceasing transfer operations, eic.

Engineering Evaluation

Specified whenever structural damage or deficiencies are observed which require furt/xe; investigation or evaluation lo
determine appropriate follow-up actions.

Implementation

Repair Desigu Specified whenever damage or defecls requiring repair are observed. The repair design inspection is performed to the level of
Inspection detail necessary to prepare appropriate repair plans, specifications and estimates.

ke ]
Upgrade Design and Specified whenever the structural system requires upgrading in order to comply with the requirements of these standards and

current applicable codes.

Special Inspection

Tiypically specified to determine the cause or significance of nontypical deterioration, usually prior to designing repairs. Special

testing, laboratory analysis, monitoring or investigation using nonstandard equipment or techniques are typically required.

Develop and Implement

Specified when the Repair Design Inspection and required Special Inspections have been completed Indicates that the structure

Repair Plans is ready to have repair plans prepared and implemented.
No Action Specified when no further action is necessary until the next scheduled audit or inspectiot.
Example EXECUTIVE SUMMARY TABLI:MES -1)
GLOBAL STRUCTURAL CONDITION ASSESSMENT RATINGS (CAR)
BERTHING SYSTEM SYSTEM CONDITION - | FROM THIS | FROM PREVIOUS | NEXT AUDIT | ASSIGNED FOLLOW-UP FIT-FOR-~
ASSESSMENT RATING | AUDIT! AUDITT | DUE (MO/YR) ACTIONS PURPOSE?
North Wharf Above Water Structure 4 (Fair) 4 (date) . 6/2004 Upgrade Design and No
. Implementation
) Underwater Structure 5 (Satisfactory) . 4 (date) - 1012006 Yes
South Wharf Above Water Structure ' 4 (Fair 4 (date) 6/2004 - | Repair Design No
. ) : Inspection
Underwater Structure 3 (Poor) 4 (date) 10/2006 | Special Inspection; No
. Repair Design
Inspection
Dolphin, Trestle,
etc.

1Placecheckmarkanddate of espective audztmpmper column to indicatefor eaclz structural system, whether the systemwas included in the current auditor the
results are summarized from a previous audit.

Example EXECUTIVE SUMMARY TABLE (ES-2,
) COMPONENT DEFICIENCY REMEDIAL ACTION PRIORITIES (RAP)
BERTHING SYSTEM DEFICIENCY REMEDIAL ACTION | FROM THIS | FROM PREVIOUS | NEXT AUDIT DESCRIPTION OF FIT-FOR-
PRIORITY (RAP) AUDIT . AUDIT DUE (MO/YR) PLANNED REMEDIAL PUAPOSE?
(P1-P4) ACTION :
Fire main leaking P3 4 (date) Repair
. ' Pipeline badly P2 4 (date) Investigate; urgent

. North Wharf corroded . 6/2004 action required No
Electrical (Class I, Pl 4 (date) Immediate remedial
Div 2 violation) ) action required

3102F.4 Post-Event Inspection. A Post-Event Inspection is a fo- -
cused inspection following a significant, potentially damage-
causing event such as an earthquake, storm, vessel impact, fire,
explosion or isunami. The primary purpose is lo assess the integri-
ty of structural, mechanical and electrical systems. This assess-
ment will determine the operational status and/or any remedial

measures required.

3102FA.1 Notificationand Action.Fian. Notification as per 2
CCR 2325(e) [2.1] shall be provided to the local area Division
Jield office. The notification shall include, as a minimum:

1. Brief description of the event

1-294.32

" 2. Brief description of the nature, extent and significance of
any damage observed as a result of the event :

3. Operational status and any required resirictions

4. Statement as to whether a Post-Event Inspection will be car-
ried out

The Division may carry out or cause to be carried out, a Post-
Event Inspection. In the interim, the Division may direct a change
in the Operations Manual, per 2 CCR 2385 (f)(3) [2.1].

If a Post-Event Inspection is required, an Action Plan shall be
submitted to the Division within five (5) days after the event. Thiss
deadline:may. be-extended-in.special.circumstances: The Action
Planshall include the scope of the inspection (above water, under-
waler; electrical, mechanical systems, physical limits, applicable

JANUARY 31, 2005 SUPPLEMENT
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ber l/ungsyslcms, etc. )and.submzsszan date of the final report. The
Action Plan is subject to Division approval.

3102F.4.2 Inspection Team. The qualifications of the inspection
team shall be the same as those prescribed in Section 3102F.3.4.
Division representatives may participate in any Post-Event In-
spection, as observers, and may provide guidance.

3102F.4.3 Scope. The Post-Event Inspection shall focus on the
possible damage caused by the event. General observations of
long-term or preexisting deterioration such as significant corro-
sion-related damage or other deterioration should be made as ap-
propriate, but should not be the focus of the inspection. The
inspection shall always include an above-water assessment of
structural, mechanical and electrical components.

The Inspection Team Leader shall determine the need for, and
methodology of, an underwater structural assessment, in con-
sultation with the Division. Above waler observations, such as
shifting or differential settlement, misalignments, significant
cracking or spalling, bulging, eic., shall be used to determine
whether or not an underwater assessment is required. Similarly,
the Inspection Team Leader shall determine, in consultation with
the Division, the need for, and methodology of any supplemenial
inspections (e.g.,-Special Inspections (see Section 3102F.3.5.3).

The following information may be important in determining the
need for, and methodology of, the Post-Event Inspection:

1. Earthquakes or vessel or debris impact typically cause dam-
age both above and below the water line. Following a major
earthquake, the inspection should focus on components likely to
attract highest lateral loads (batter or shorter piles in the rear of
the structure, etc.). In case of vessel or debris impact, the inspec-
tion effort should focus on componenis in the path of the impac!
mass.

2. Major floods or Isunamis may cause unde/ mmmg of the
structure, andfor scouring at the mud line.

3. Fire damage varies significantly with the type of construc-
tion materials but all types may be adversely affected. Special In-
spections (sampling and laboratory testing) shall be conducied,
as determined by the Inspection Team Leader, in order to deter-
mine the nature and exten! of damage.

4. High wind or wave events often cause damage both above
and below the waler line. An underwaler inspection may be re-
quired if damage is visible above the waterline. Structural dam-
agemay be potentially increased if a vessel was at the berth diiring

CHAP, 31F, DIV. 2
- 3102F.4.1
: 3102F.4.6

the event. The effects of high wind may be most prevalent on equip-
ment and connections of such equipment to the structure.

The methodology of conducting an underwater Post-Event [n-
spection should be estublished with due consideration of the
structure type and type of damage anticipated. Whereas slope fail-
ures or scour may be readily apparent in waters of adequate visi-
bility, overstressing cracks on piles covered with marine growth
will not be readily apparent. Where such hidden damage is sus-
pected, marine growth removal should be performed on a repre-
sentative sampling of components in- accordance with the Level IT
effort requirements described in Section 3102F.3.5.2. The cause of
the event will determine the appropriate sample size and loca-
tions.

3102F 4.4 Post-Event Ratings. A post-event rating [2.3] shall be
assigned lo each berthing system upon completion of the inspec-
tion (see Table 31F-2-8). All observations of the above and under
waler structure, mechanical and electrical components and sys-
tems shall be considered in assigning a post-event rating. -

Ratings should consider only damage that was likely caused by
the event: Pre-existing deterioration such as corrosion damage
should not be considered unless the structural integrily is immedi-
ately threatened or safety systems or protection of the environment
may be compromised.

Assignment of ratings should reflect an overall characte/ iza-

tion of the berthing system being rated. The rating shall consider -
. both the severity of the deterioration and the extent to which it is

widespread throughout the facility. The fact that the [acility was
designed for loads that are lower than the current standards for
design should have no influence upon the ratings.

3102F4.5 Follow-up Actions. Follow-up actions shall be as-
signed upon completion of the Post-Event Inspection of each
berthing system. Table 31F-2-6 specifies remedial action priori-
ties and actions for mechanical and electrical deficiencies. Table
31F-2-7 specifies various options for structural systems. Multiple
follow-up actions may be assigned; however; guidance should be
provided as o the order in which the follow-up actions should be

carried-out. Follow-up actions shall be subject to Division ap- -

proval.

3102F4.6 Documentation and Reporting. Documentation of the
specific attributes of each defect shall not be required during a
Post-Event Inspection. However, a narrative description of signif-
icant damage shall be used. The descriplion shall be consistent
with and shall justify the post-event rating assigned.

TABLE 31F-2-8
~ POST- EVENT RATINGS AND REMEDIAL ACTIONS [2.3]
RATING . SUMMARY OF DAMAGE REMEDIAL ACTIONS
A No significant event-induced damage observed. No further action required. The berthing system may continue
operations, .
B - | Minor to moderate event-induced damage observed but all primary Repairs or mitigation may be required to remain operational. The

structural elements and electricalimechanical systems are sound.

berthing system may continue operations.

C Moderate to major event-induced damage observed which may have
significantly affected the load bearing capacity of primary structural
elements or the functionality of key electricallmechanical systems.

Repairs or mitigation may be necessary to reswme or remain
operational, The berthing system may be allowed 1o resume limited
operations.

electrical/mechanical systems has been significantly affected.
Additional failures are possible or likely to occur.

Major event-induced damage has resulted in localized or widespread
Jailure of primary structural components; or the functionalily of key

The berthing system may not resume operations until the deficiencies
are corrected.

JANUARY 31, 2005 SUPPLEMENT
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3102F.4.6
3102F.5

A report shall be prepared and submitted to the Division upon

completion of the Post-Event Inspection and shall, at a minimum,

include:

1. Brief description of the facility including the physical limits
of the structure, type of construction material(s), and the mechani-
cal and electrical systems present.

2. Brief description of the event triggering the inspection.

3. Scope of the inspection (above water, underwater, electrical
or mechanical)

4. Date of the inspection
3. Names and affiliations of inspection leam
‘

6. Description of the nature, extent and significance of any ob-
served damage lesulting from the event.

7. Photographs should be provided to substanliate the descrip-
tions and justify the condition rating

8. Assignment of a post-event rating

9. Statement regarding whether the facility is fit to resume op-
erations and, if so, under what conditions

10. Assignment of follow-up action(.s;)

- 11. Inspection data, drawings, calculations and other relevant
engineering materials

1-294.34
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12, Signature and stamp of Team Leader(s)
]

3102F 4.7 Action Plan Report. Upon completion of all actions

delineated in the Action Plan, a final report shall be submilled to
the Division lo document the work completed. Supporting docu-
mentation such as calculations or other relevant data shall be pro-
vided in appendices.

3102F.5 References.

[2.1] California Code of Regulations (CCR), Title 2, Division
3, Chapter 1, Article 5, Marine Terminals Inspection and.
Monitoring, Sections 2315, 2320, 2325 and 2385 (short
Jormexample: 2 CCR 2315 ( Title 2 of California Code of
Regulations, Section 2315). -

[2 2] Busloy, V., Heffron, R. and Martirossyan, A., 2001,
“Choosing a Rational Sample Size for the Underwalter
Inspection of Marine Structures,” Proceedings, Porls
2001, ASCE Conference, April 29-May 2, Norfolk, VA.

[2.3] Childs, K.M., editor, 2001, “Underwater Investigations -
Standard Practice Manual,” American Society of Civil
Engineers, Reston, VA.

Authority: Sections 8755 and 8757, Public Resources Code
Reference: Sections 8750,8751,8755 and 8757, Public Resources
Code.
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Division 3

SECTION 3103F — STRUCTURAL LOADING
CRITERIA

3103F.1 General. Section 3103F esmbfislre.v the environmental
and operating loads acting on the Marine Qil Terminal (MOT)
structires and on moored vessel(s). The analysis procedures are
presented in Sections 3104F - 3107F

3103F.2 Dead Loads.

3103F.2.1 General. Dead loads shall include the weight of the
entire structure, including permanent attachments such as load-
ing arms, pipelines, deck crane, fire monitor lower, gangway
structure, vapor control equipment and mooring hardware. Unit
weights specified in Section 3103F2.2 may be used for MOT
structures if actual weights are not available.

3103F.2.2 Unit Weights. The unit weights in Table 31 F-3-1 may
be used for both existing and new MOT5.

TABLE 31F-3-1

UNIT WEIGHTS
MATERIAL UNIT WEIGHT (pefj*
Steel or cast steel . 490
Cast iron 450
Aluminum alloys 175
] Timber (untreated) © 40-50
Timber (treated) 45-60
Concrete, reinforced (normal weight) 145-160
Goncrete, reinforced (lightweight)’ 90-120
Asphalt paving 150

** pounds per cubic foot

3103F.2.3 Equipment and Piping Area Loads. The equipment
and pzpmg area loads in Table 31F-3-2 may be used as a mini-
mum, in lieu of detailed as-built dala.

TABLE 31F-3-2

EQUIPMENT AND PIPING AREA LOADS
LOCATIQN -AREA LOADS (psf)***
Open areas 20
Areas containing equipment and piping 35k
- Trestle roadway 20

* Allowance for incidental items such as raz[mgs, lighting, miscellaneous
equipment, etc.

435 psfis for miscellaneous general items such as walkways, pipe supports,
lighting and instrumentation. M lljal equipment weight shall be established
andadded into this weight for piping manifold, valves, deck crane, fire mon-
itor tower, gangway structure and similar majo; equipment.

W pounds per square foot

3103F.3 Live Loads and Buoyancy. The following vertical live

* loading shall be considered, where appropriate: uniform loading,
' truck loading, crane loading and buoyancy. Additionally, MOT

specific, nonpermanent equipment shall be identified and used in

Y loading compuiations.

3103F.4 Earthquake Loads.

3i03F4.1 General. Earihquake loads are described in terms of
¥ Peak Ground Acceleration (PGA), specllal acceleration and
¥ carthquake magnitude. The required seismic analysis procedures
\ (Tables 31F-4-2 and 31F-4-3) are dcpelzdenl on the risk classifi-

cation obtained from Tuble 31F-4-1.
1-294.36

3103F 4.2 Design Earthquake Motion Parameters. The eurth-
quake ground motion paramelters of peak ground acceleration,
spectral acceleration and earthquake magnitude are modified for
site amplification and near fuult directivity effects. The resulting
values are the Design Peak Ground Acceleration (DPGA), Design
Spectral Acceleration (DSA) and Design Earthquake Magnitude
(DEM).

The peak ground and spectral acceleration may be evaluated
using: '

1. U.S. Geological Survey (USGS) or California Geological
Survey (CGS, formerly the California Division of Mines and Geol-

_0gy (CDMG)) maps us discussed in Section 3103F4.2.2,

2. Asite-specific probabilistic seismic hazard analysis (PSHA)
as discussed in Section 3103F.4.2.3.

3. For the Ports of Los Angcle.s. Long Beach and Port Hue-
neme, PSHA resulls are provided in Section 3103F4.2.3.

Unless stated otherwise, the DSA values are Jfor5 percent damp-
ing; values at other levels may be obtained as per Section
3103F4.2.9.

The appropriate probability levels associated with DPGA- and
DSA for different seismic performance levels are provided in
Table 31F-4-2. Delerministic earthquake motions, which are used
only for comparison o the probabilistic results, are addressed in

Section 3103F.4.2.7.

The evaluation of Design Earlhqua/ce M agrzzlude (DEM ), is dis-
cussed in Section 3103F.4.2.8. This parameter is required when
acceleration time histories (Section 3103F.4.2.10) are addressed

or if liquefaction potential (Section 3106E.3) is being evaluated.

3103F4.2.1 Site Classes. The followuzg site classes, defined in
Section 3106F.2, shall be used in developing values of DSA and
DPGA:

Sa» g, Sc, Sp, Sg and Sp.

For Sg, a site-specific response aﬁalysis is required per Section
3103F4.2.5.

3103F4.2.2 Earthquake Motions from USGS Maps. Earth-
quake ground motion paramelters can be oblained from the Maps
29-32 in the National Earthquake Hazard Reduction Program
(NEHRP) design map set discussed in subsection 1.6.1 of [3.1],
online at (http://geohazards.crusgs. govleqlhimljcanvmap.html)
or on CD ROM from the USGS. These are available as peak
ground acceleration and spectral acceleration values at 5 percent
damping for 10 and 2 percent probability of exceedance in 50
years, which correspond to Average Relurn Periods (ARPs) of 475
and 2,475 years, respectively. The spectral acceleration values
are available for 0.2, and 1.0 second spectral periods. In obtain-
ing peak ground acceleration and spectral acceleration values
from the USGS web site, the site location can be specified in terms
of site longitude and latitude or the zip code when appropriate.
The resulting values of peak ground acceleration and spectral ac-
celeration correspond to surface motions for Site Classification
approximately corresponding to the boundary of Site Class Sg and
Sc.

Onee peak ground acceleration and spectral acceleration val-
ues are obtained for 10 and 2 percent probability of exceedence in
50 years, the corresponding values for other probability levels
may be obtuined. A procednre is presented in subsection 1.6 of

Clmptet Tof[3.1].

3103F.4.2.3 Earthquake Motions from Site-Specific Probabil-
istic Seismic Hazard Analyses. Peak ground acceleration and
spectral acceleration values can be obtained using site-specific

JANUARY 81, 2005 SUPPLEMENT
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p/()lmlulzslu seismic hazard analysis (PSHA). In this approach,
the seismic sources and their characterization used in the analysis
shall be based on the published data from the California Geologi-

.calSurvey, which can be obtained online at the following web site:

thup:lhwww.eonsica. govidme/rehmipshallndex. itm) [3.2].

Appropriate attenuation relationships shall be used to obtain
values of peak ground acceleration and speciral ucceleration at
the ground surfuce for site conditions corresponding to the bound-
ary of Site Class Sp and S¢, regardless of the actual subsurfuce
conditions at the site. These results shall be compared (o those
based on the -FEMA/USGS maps discussed in Section
3103F4.2.2. If the two sets of values are significantly different, a

Justification for using the characterization chosen shall be pro-

vided.

Alternatively, peak ground acceleration and spectral accelera-
tions al the ground surface for the subsurface conditions that actu-
ally exist at the site may be directly obtained by using appropriate

is not permissible for Site Classes Sg and Sr.

Forsite-specific PSHA, peak ground acceleration and spectral
acceleration values correspoinding to the seismic performance
level (See Table 31F-4-2) shall be obtained.

For peak ground accelération, PSHA may be conducted using
the “magnitude weighting” procedure in Idriss [3.3]. The actual
magnitude weighting values should follow the Southern Califor-
nia Earthquake Center (SCEC) procedures [3.4]. This magnitude

liquefaction assessmen (see Section 3106F4).

PSHA have been developed for the Port of Los Angeles, Port of
Long Beach and Port Hueneme. This assessment has included a
review of onshore.and offshore faulting and was performed by,
Lawrence Livermore National Laboratory [3.5]. Resulting re-
sponse spectra are provided in Tables 31F-3-3, 31 F-3-4 and Fig-
ures 31F-3-1 and 31F-3-2. Resulls are provided only for site
classification “Sc” and five percent damping. These spectral val-
ues (DSA’s) are the minimum acceplable and represent the subsur-

line, the simplified procedures of Section 3103F.4.2.4 may be
used.

3103F4.2.4 Simplified Evaluation of Site Amplification Ef-

ary, site amplification effects shall be incorporated in peak
ground accelerations and spectral accelerations. This may be ac-
complished using a szmplzf edmethodora szte-speczf icevaluation
(Section 3103F.4.2.5).

-For a given Site C lass, the following procedure [3.1] presentsa
simplified method that may be used to incorporate the site amplifi-
cation effects for peak ground acceleration and spectral accelera-
tion compuled for the Sg and S¢ boundary.

1. Calculate the spectral accelerazlon values at 0.20
and 1.0 second period:

Sxs = F;Ss (3-1)

Sx1 = FuSy (3-2)
WHERE: '

F, = sile coefficient obtained from Table 31F-3-5

F, = site coefficient obtained from Table 31F-3-6

Ss = short period (usually at 0.20 seconds)spectral accelera-

tion value (for the boundary of Sg and Sc) obtained us-
ing Section 3103F.4.2.2, or al the period corresponding

JANUARY 31, 2008 SUPPLEMENT

attenuation relationships in a site-specific PSHA. This approach .

weighting procedure incorporates the effects of duration corre- -
sponding to various magnitude evenlts in the PSHA results. The re-
sulting peak ground acceleration shall be used only for.

face only. To obtain appropriate-values for piles andfor the mud -

Sfects. When the MOT Site Class is different from the Sg - S¢ bound-- .

. CHAP. 31F, DIV. 3
3103F.4.2.3
TABLE 31F-3-3

to the peak in spectral acceleration values when ob-
tained from Section 3103F.4.2.3

Sy = spectral acceleration value (for the boundary of Sg and
Sc) at 1.0 second period
Sxs = spectral acceleration value obtained using the short pe-
riod Ss and fuctored by Tuble 31F-3-5 for the Site Cluss
under consideration.
Sx1 = spectral acceleration value obtained using the 1.0 sec-
ond period S; and factored by Tuble 31 F-3-6 for the Site
Class under consideration. ’
2. Set PGAy = 0.4S5xs (3-3)
WHERE: ‘

' PGAy = peak ground acceleration corresponding to- the Site

Class under consideration.
When the value of PGAy is less than the peak ground accelera-

-tion obtained following Section - 3103F4.2.2 or Section

3103F4.2.3, an explanation of the results shall be provided.

3. PGAy, Sxs, and Sy; constitute three spectral acceleration
values for the Site Class under consideration corresponding lo pe-

riods of 0, Ss (usually 0.2 seconds), and 1.0 second, respectively.

4. The final response spectra, without consideration for near-
Sfault directivity effects, values of S, for the Site Class under con-
sideration may be obtained using the following equations (for 5
percent critical damping):

for 0<T<0.27T,
‘ = (Sxs)(0.4 + 3T/T;) (3-4)
-WHERE:
T = Period corresponding to calculated S,
T, = Period at which the constant acceleration and constant
velocity regions of the design spectrum intersect
for 0.2I,<T<T,
. Sa = Sys (3-5)
for T>T,
S =SalT (3-6)
WHERE:
I, = Sxi1lSxs (3-7)

The resulting PGAy is the DPGA. However, the'S, s (except for
the ports of Los Angeles, Long Beach and Port Hueneme) shall be
modified for near-fault directivity effects, per Section 31 03F4.2. 6
to obtain the final DSAs.

: TABLE 31F-3-3
RESPONSE SPECTRA FOR THE PORTS OF
LOS ANGELES AND LONG BEACH,
475 YEAR RETURN PERIOD (5% Critical Damping)

(Shear Wave lﬂl%iifylhﬁgri ‘;220-2500 ft/sec)
Period (sec) Frequency (Hz) Spectral Acceleration (g's)
0.03 33.33 " 0.47
0.05 20.00 0.52
0.10 10.0 0.71
0.15 6.67 0.86
0.20 5.0 0.93
0.30 3.33 0.93
0.50 2.00 0.85
1.0 1.0 0.62
20 0.50 0.37
1-294.37
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CHAFP. 31F, DIV. 3
TABLE 31F-34
FIGURE 31F-3-2

TABLE 31F-34
RESPONSE SPECTRA FOR PORT HUENEME,
475 YEAR RETURN PERIOD (5% Critical Damping)

(Shear Wave Vsel;lg;::i(t:ﬁ'gri ';gz;a-zmo ft/sec)
Perlod (sec) Frequency (Hz) Spectral Acceleration (g's)
0.03 33.33 0.41
0.05 20.00 0.46
0.10 10.0 0.63
0.15 6.67 0.75
-0.20 5.0 0.80
, 0.30 3.33 0.78
0.50 2.00 0.69
1.0 1.0 0.49
2.0 0.50 0.28
TABLE 31F-3-5
VALUES OF F,
SITE %

CLASS <0.25 05 0.75 1.0 > 125
SA 0.8 0.8 0.8 0.8 08
S 1.0 1.0 1.0 1.0 1.0
Sc 1.2 1.2 11 1.0 1.0
Sp 1.6 14 1.2 1.1 1.0
SE 2.5 1.7 1.2 0.9 - 0.9
Sp " * " £ "

NOTE: Linearinterpolation can be used to estimate valies of F, for intermedi-
ate values of Ss. ’ )

 Site-specific dynamic site response analysis shall be performed.

TABLE 31F-3-6

VALUES OF F,

SITE 5

CLASS <0.7 0.2 0.3 04 >0.5
Sa 0.8 038 0.8 0.8 0.8
S 1.0 1.0 1.0. 1.0 1.0
Sc 1.7 1.6 1.5 1.4° 1.3
Sp 24 2.0 1.8 1.6 1.5
Sk 3.5 3.2 28 24 2.4
Sg Kl * " " "

NOTE: Linearinterpolation can be used to estimate values of F, for intermedi-
ate values of Sy.

* Site-specific dynamic site response analysis shall e performed.
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FIGURE 31F-3-1—RESPONSE SPECTRA FOR THE PORTS OF
LOS ANGELES AND LONG BEACH,
475 YEAR RETURN PERIOD (5% Critical Damping)
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3103F.4.2.5 Site-Specific Evaluation of Amplification Effects.
As an alternative to the procedure presented in Section
3103F.4.2.4, a site-specific response analysis may be performed.

-For Sg,_a site specific response analvsis is required. The analysis

shall be either an equivalent linear or nonlinear analysis. Ap-
propriate acceleration time histories as discussed in Section
3103F4.2.10 shall be used.

In general, an equivalent linear analysis using, for example,
SHAKE9! [3.6] is acceplable when the strength and stiffness of
soils are unlikely to change significantly during the seismic shak-
ing, and the level of shaking is not large. A nonlineur analysis
should be used when the strength and/or stiffness of soils could
significantly change during the seismic shaking or significant
nonlinearity of soils is expected because of high seismic shaking
levels. '

The choice of the method used in site response analysis shall be ‘

justified considering the expected stress-strain behavior of soils
under the shaking level considered in the analysis.

Site-specific sile response analysis may be performed using
one-dimensional analysis. However, lo the extent that MOTs often
involve slopes or earth retaining siructures, the one-dimensional
analysis should be used judiciously. When one-dimensional anal-
ysis cannot be justified or is not adequate, two-dimensional equiv-
alent linear or nonlinear response analysis shall be performed.
Site-specific response analysis results shall be compared io those
based on the simplified method of Sectzon 3103F.4.2.4 for reason-
ableness.

For the port areas of Los Angeles, Long Beach and Port Hue-
neme, the resulling response-spectra s/mll not fall below values
obtained in Section 3103F4.2.3.

The peak ground accelerations oblained from this site=specific
evaluation are DPGAs and the spectral accelerations are DSAs as
long as the near-faull directivily effects addressed in Section
3103F.4.2.6 are appropriately incorporated into the lime histories
(Sectton 3103F4.2.10).

31 03F.4.2.6 Directivity Effects. When thesiteis 15 km (9.3 miles)
or closer lo a seismic source that can significantly affect the site,

near-fault directivity effects shall be reflected in the spectral ac-

celeration values and in the deterministic speciral acceleration
values of Section 3103F4.2.7. However, Tables 31F-3-3 and

31F-3-4 for the port areas of Los Angeles, Long Beach and Port

Hueneme already have these effects included.
Two methods are available for incorporating directivity effects.

1. Directivity effects may be reflected in the spectral accelera-
tion values in a deterministic manner by using, for example, the
equationonpg. 213 (and Tables 6 and7) of Somerville, et al. [3.7].
The critical seismic sources and their characterization developed
as part of the deterministic ground motion paramelers (Section
3103E4.2.7) should be used lo evaluate the directivity effects. The
resulling adjustments in spectral acceleration values may be ap-
plied in the probabilistic spectral acceleration values developed

per Section 3103F.4.2.4 or 3103F.4.2.5. Such adjustment can be
\ independent of the probabilily levels of spectral accelerations.

2. Directivity efects may be incorporated in the results of site-
specific PSHA per Section 3103F.4.2.3. In this case, the directivity

. effects will also depend on the probability level of spectral accel-

erations.

If'spectral accelerations are obtained in this manner, the effects
of site amplification using either Section 3103F+4.2.4,3103F.4.2.5
or an equivalent method (if justified) shall be incorporaled.

JANUARY 31, 2005 SUPPLEMENT

. CHAP. 31F, DIV. 3
3103F4.2.5
3103F.4.2.9

3103F4.2.7 Deterministic Earthquake Motions. Deterministic
ground motions from “scenario” earthquakes may be used for
compuarison purposes. Deterministic peuk ground accelerations
and spectral accelerations may be obtuined using the “Critical
Seismic Source™ with maximum carthquake magnitude and its
closest appropriate distance to the MOT. “Critical Seismic
Source™ is that which results in the largest computed median peak
ground acceleration and spectral acceleration values when ap-
propriate attenuation relationships are used. The values obtained
Jrom multiple attenuation relationships should be used (o calcu-

late the median peak ground acceleration and spectral accelera-

tion values.

Alternatively, the values of peak ground accelerations and.

spectral accelerations may be obtained from the USGS maps
[3.1], corresponding to the Maximum Considered Earthquake
(MCE). In this case, the median values of peak ground accelera-
tion and spectral acceleration values shall be 2/3 (see subsection
1.6 of [3.1]) of thevalues shown on the USGS maps.

3103F.4.2.8 Design Earthquake Magnitude. The Design Earth-
quake Magnitude used in developing site-specific acceleration
time hislories (Section 3103F4.2.10) or liquefaction assessment

(Section 3106F.3) is obtained uszng either of the following two-

methods. .

1. TheDesign Earthquake may be selected as the largestearth-
quake magnilude associated with the Critical Seismic Source. The
distance shall be taken as the closes! distance from the source (o

‘the sile. The resulting Design Earthquake shall be associated with

all DPGA values for the site, irrespective of probability levels.

2. The Design Earthquake (DEQ) may be obtained for each
DPGA or DSA value and associated probability level by determin-
ing the corresponding dominant distance and magnitude. These
are the values of the distance and magnitude that contribute the
most to the mean seismic hazards estimales for the probability of
interest. They are usually determined by locating the summits of
the 3-D surface of contribution of each small interval of magni-
tude and distance lo the total mean hazards estimalte. If this 3-D
surface shows several modes with approximate weight of more
than 20 percent of the lotal, several DEQs may be considered, and
the DEQ leading to the most conservative design parameters shall
be used.

3103F.4.2.9 DesignSpectral Acceleration for Various Damping
Values. Design Spectral Acceleration (DSA) values at damping
other than 5 percent shall be oblained by using a procedure given
in [3.1], and is denoted as DSAy. The following procedure does
not include near-fault directivity effects.

For0<T<0.2T,

DSAy = Sxs [ (5/Bs -2) T/ T, + 0.4] (3-8)
For02T,<T<1T,
DSAz = DSA/Bs (3-9)
ForT>T; .
DSAg = S; /(B T) (3-10)
‘WHERE:
T = period
T, = Sxi/Sxs
Bs = Coelficient used to adjust the short period spectral re-

sponse, for the effect of viscoits damping.

B; = Coefficient used lo adjust one-second period spectral

response, for the effect of viscous damping
Values of By and By are obtained from Table 31F-3-7.
' 1-294.39

.>".>‘".>‘"§>“.>f‘:>-"‘.‘>!‘:>0>f‘1>0>";>(".‘>Q>O>Q>C‘>ﬂ>Q>G>O>0>O>G>O>Q>O>O>O>O>D>O>(‘)>0>O>Q>O>O>Q>O>O>Q>G>('!>f}>0>!‘})>0>".'>f‘.'}(‘.->".>")>".)>-".>".~>’§>".>"."/".}’1‘“/".

b



bty

oo rrrrrt

R I B TR Tt A S et S ko sl o o s ol o o el o el wf w  w ad d  wt wd anl wd  al an{ mnd eat el l

or

>GP0P0>00 !')>O>O>(')>(')>O}(‘>O>O>O>ﬂ_>O>O>O>O>O>G>O>O>O>O>D>O>O>O>O>O>O>O>O>O>Q>O>O>D>O>O>O>O>O>O>O>O>O>O>")>D>ﬁ>O>0>0>."}>’}>0>"}>f))—"!}f)

CHAP. 31F, DIV, 3
3103F4.2.9
3103F5.2.2

Such a procedure shall incorporate the near-fault directivity ef-.
Jects when the MOT is 15 km (9.3 miles) or closer to a significant
seismic source. :

TABLE 31F-3-7 [3.1]
VALUES OF Bs AND B,

DAMPING (%) Bg By
<2 0.8 0.8

5. 0 1.0
00 1.3 1.2
20 L8 . 1.5
30 2.3 _ 1.7

40 2.7 ' 1.9

>50 3.0 1B 2.0

Note: Linear interpolation should be used for damping values not specifically
listed,

3103F4.2.10 Development of Acceleration Time Histories.
When acceleration time histories are ulilized, larget spectral ac-
celeration values shall be initially selected corresponding to the
DSA values at appropriate probabilily levels. For each set of tar-
get spectral acceleration values corresponding to one probability

level, at least three sets of horizontal time histories (one or iwo

horizontal acceleration time histories per set) shall be developed.

Initial time histories shall consider magnitude, distance and the
type of Jaull that are reasonably similar to those associaled with
the conditions contributing most to the probabilistic DSA values.
Preferred initial time histories should have their earthquake mag-
nitude and distance to the seismic source similar to the mode-mag-

nitude and mode-distance derived from the PSHA or [rom -

appropriate maps. When an adequate number of recorded time
histories are not available, acceleration time hzstorzes from simu-
lations may be used as supplements.

Scaling or adjustments, eitherin the frequency domain or in the
time domain (preferably), prior to generating acceleration time
histories should be kept (o a minimum. When the target spectral
accelerations include near-fault directivity effects (Section
3103F4.2.6), the initial time histories should exhibit directivity

effects.

When three sels of time histories areusedin the analysis, the en-
velope of the spectral acceleration values from each time hisiory
shall be equal to or highér than the target spectral accelerations.

If the envelope values fall below the target values, adjustments -

shall be made to ensure that the spéctral acceleration envelope is
higher than target spectral accelerations. If the envelope is not

_higher, then a justification shall be provided.

When seven or more sets of time histories are used, the average

\ of the spectral acceleration values from the set of time histories

shall be equal or higher than the targel spectral acceleration va-
lues. If the average values [all below the target values, adjust-
ments shall be made 1o ensure that average values are higher than
the target spectral accelerations. If this is not the case, then an ex-
planation for the use of these particular spectral acceleration val-
ues shall be provided.

When three sets of time histories are used in the analysis, the

* maximum value of each response parameter shall be used in the

design, evaluation and rehabilitation. When seven or more seis of
time histories are used in the analysis, the average value of each
response parameter may be used.
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‘ "uzg Loads ol Vessels

JI03F.5. I General. Forces actlng on a moored vessel may be
generated by wind, waves, current, tidal variations, tsunamis,
seiches and hydrodynamic effects of passing vessels. Forces from
wind and current acting directly on the MOT structure (1ot
through the vessel in the form of mooring and/or breasting loads)
shall be determined in Section 3103F.7.

The vessel’s moorings shall be strong enough to hold during all
expected conditions of surge, current and weather and long
enough to allow adjustment for changes in draft, drift dnd tide (2

+CCR 2340:(¢) (1)) [3.8].

3103F.5.2 Wind Loads. Wind loads on a vessel, moored at a
MOT, shall be determined using procedures described in this sec-
tion. Wind loads shall be calculaied for each of the load cases
identified in Section 3105F.2.

3103F.5.2.1 Design Wind Speed. The design wind speed is the
maximum wind speed of 30-second duration used in the mooring
analysis (see Section 3105F).

3103F.5.2.1.1 Operating Condition. The operating condition is:

the wind envelope in which a vessel may conduct transfer opera-
tions. It is determined from the mooring analysis (Section 3105F).
Transfer operations shall cease, al an existing MOT, when the
wind exceeds the maximum velocity of the envelope.

3103F.5.2.1.2 Survival Condition. The survival condition is de-
Jined as the state wherein a vessel can remain safely moored at the
berth during severe winds. For new MOTs, the survival condition
threshold is the maximum wind velocity, for a 30-second gust and
a 25-year return period, obtained from historical data.

For an existing MOT, a reduced survival condition threshold is
acceplable (see Figure 31F-2-1). I the wind rises above these lev-
els, the vessel must depart the berth; it shall be able to depart with-

_in 30 minutes (see 2 CCR 2340 (c) (28)) [3.8].

-The 30-secorid duration wind speed shall be determined from
the annual maximum wind data. Average annual summaries can-
not be used. Maximum wind speed data for eighi directions
(45-degree increments) shall be obtained. If other duration wind
data is available, it shall be adjusted (o a 30-second duration, in
accordance with equation (3.12). The 25-year return period shall
be used to establish the design wind speed for each direction.
Once these wind speeds are established for each increment, the
highest wind speed shall be used to determine the mooring/berth-
ing risk classification, from Table 31F-5-1. In order to simplify the
analysis for barges (or other small vessels), they may be consid-
ered to be solid free-standing walls (Section 6 of ASCE 7-98
[3.9]). This will eliminate the need to performa compuler assisted
mooring analysis. :

. 3103F.5.2.2 Wind Speed Corrections. Wind speed measured at

an elevation of 33 feet (10 meters) above the water surface, with
duration of 30 seconds shall be used (o determine the design wind
speed. If these conditions are not mel, the following corrections
shall bé applied.

The correction for elevation is obtained from the equation’:

17
ve=n(2) 11
WHERE:
Vw = wind speed at elevation 33 ft. (10 m.)
Vh = wind speed at elevation h
h = elevation above water surface of wind data[feet]

The available wind duration shall be adjusted to a 30-second
value, using the following formula:

JANUARY 31, 2005 SUPPLEMENT
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4

171:3»05::1' = I3 (3']2)

t
WHERE:
~V,=30.,.L.c = wind speed for a 30-second duration
Vi = wind speed over a given duration
¢ = conversion factor from Figure 31F-3-3
Ifwind data is available over land only, the following equation

shall be used to convert the wind speed from over-land to over-wa-
ter conditions [3.10]:

: Ve =110V, (3-13)
WHERE:

Vw = over water wind speed

V. = over land wind speed

3103F.5.2.3 Static Wind Loads on Vessels. The “Prediction of
Wind and Current Loads on VLCC's” [3.11] or the “British Stan-
dard Code of Practice for Maritime Structures” [3.12] shall be
used to determine the wind loads for all tank vessels.

Alternatively, wind loads for any type of vessel may be calcu--

CHAP. 31F, DIV, 3
3103F5.2.2
3103F.5.3.2

3J103F.5.3.1 Design Current Velocity. Maximun ebb and flood
currents, annual river runoffs and controlled releases shall be
considered when establishing the design current velocities for
both existing and new MOTS,

Local current velocities may be obtained from NOAA [3.14] or
other sources, but must be supplemented by site-specific daia, if
the current velocity is higher than 1.5 knots.

Site-specific data shall be obtained by real time measurements
over a one-year period. If this information is not available, a safe-
ty factor of 1.25 shall be applied 1o the best available data uniil
real time measurements are obtained.

Ifthe facility is not in operation during annual river runoffs and
controlled releases, the current loads may be adjusted.

Operational dates need to be clearly stated in the definition of
the terminal operating limils (see Section 3102F.3.6).

3103F.5.3.2 Current Velocity Adjustment Factors. An average
current velocity (Vc) shall be used to compute forces and mo-
ments. If the current velocity profile is known, the average current
velocity can be obtained from.the following equation:

T

lated using the guidelines in Ferritto et al, 1999 [3.13]. ‘
' ' : ' 2= 2
3103F.5.3 Current Loads. Environmental loads induced by cur- Ve =1T f (Vy) ds (3-14)
rents at MOTS shall be calculated as specified in this subsection. 3
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WHERE:
V. = average current velocity (knots)
T = draft of vessel »
v, =- current velocity as a function of depth (knots)
water depth measured from the surface
Ifthe velocity profile is not known, the velocity at a known water
depth should be adjusted by the factors provided in Figure

31F-3-4 to obtain the equivalent average velocity over the draft of
the vessel.

3103F.5.3.3 Static Current Loads. The OCIMF [3.11], the Brit-
ish Standard [3.12] or the Mil-HDBK-1026/4A [3.15] procedures
shall be used to determine current loads for moored tank vessels.

3103F.5.4 Wave Loads. When the significant wave period, 15, is
greater than 4 seconds (See Section 3105F.3.1), the transverse
wave induced vessel reactions shall be calculated using a szmpll—
fied dynamic mooring analysis described below.

s =

The horizontal water particle accelerations shall be calculated
for the various wave conditions, taken at the mid-depth of the

displacement of the vessel. The Froude-Krylov method discussed
in Chakrabarti’s Chapter 7 [3.16] may be used to calculate the
wave excitation forces, by conservatively approximating the ves-
sel as a rectangular box with dimensions similar to the actual di-
mensions of the vessel. The horizontal waler particle
accelerations shall be calculated for the various wave conditions,
taken at the mid-depth of the lnaded vessel draft. The compnied
excitation force assumes a 90-degree incidence angle with the
longiudinal axis of the vessel, which will result in forces that are
significantly greater than the forces that will actually act upon the
vessel from quartering seas. A load reduction factor may be used
to accoun for the design wave incidence angle from the longitudi-
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% OF VESSEL DRAFT WHERE CURRENT VELOCITY v, 1S GIVEN
FIGURE 31F-3-4—CURRENT VELOCITY CORRECTION FACTOR (p. 41, OCIMF, 1997 [3.11])

loaded vessel draft. The water particle accelerations shall then be
used to calculate the wave excitalion forces to determine the static
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nal axis of the ship. The overall excursion of the vessel shall be de-
termined for each of the wave conditions by calculating the
dynamic response of the linear spring mass system.

3103F.5.5 Passing Vessels. When required in Section 3105F.3,
the sway and surge forces, aswell as yaw moment, on a moored

vessel, due to passing vessels, shall be established considering the

following:
1. Ratio of length of moored vessel to lengtlz of passing vessel
2. Distance from moored vessel to passing vessel

3. Ratio of midship section areas of the moored and passing
vessels

4. Underkeel clearances of the moored and passing vessels

5. Draft and trim of the moored vessel and draft of the passing
vessel

6. Mooring line tensions

The passing vessel’s speed should take into consideration the
ebb or flood current. Normal operating wind and current condi-
tions can be assumed when calculating forces due to a passing

" vessel. Any of the following methods may be used to determine

Jorces on a moored vessel: Wang [3.17], Flory [3.18] or Seelig .

[3.19].

3103F.5.6 Seiche. The penetration of long period low amplitude
waves into a harbor can resull in resonant standing wave systents,
when the wave forcing frequency coincides with a natural fre-
quency of the harbor. The resonant standing waves can result in
large surge motions if this ﬁequency is close (o the natural fre-

quency of the mooring system. Section 3105F.3.3 prescribes the
procedure for the evaluation of these effects.

3103F.5.7 Tsunamis. A tsunami may be generated by an earth-
quake or a subsea or coastal landslide, which may induce large
wave heights and excessive currents. The large wave or surge and
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the excessive currenls are potentially damaging, especially if
there is a tank vessel moored alongside. Table 31F-3-8 provides
estimated tsunami run-up values for specific areas of California.

Tsunamis can be generated either by a distant or near source. A
Isunami generated by a distant source (far field event) may allow
operators to have an adequate warning for mitigating the risk by
departing the MOT and going into deep walter. For near-field
events, with sources less than 500 miles away, t/ze vessel may not
have adequate time (o depart. :

Loads from tsunami-induced waves can be calculated for vari-
ous structural configurations [3.22]. Tsunami wave heighis in
shallow water and particle kinematics can also be obtained. Other

“structural considerations include uplift and debris impact.

: TABLE 31F-3-8 )
TSUNAMI RUN-UP VALUES [ft] IN CALIFORNIA [3.20], [3.21]
LOCATION - RETI UHNYF’QHIOD RET! UFN\)I, IE’égIOD
W. Carquinez Strait ' 3.3 4.0 .
Richmond Harbor Channe! 7.6 13.5
Richmond Inner Harbor 5.9 10.6
Oakland Inner Harbor 4.7-5.5 7.5-9.5
Oakland Middle Harbor .59 10.5
Oakland Outer Harbor 7.9-9.1 15.1-17.6
Hunters Point 3.9-5.3 3.0-8.7
San Francisco —S. of Bay Bridge 4.5-5.0 " 7584 .
Ports of Los Angeles and 8.0 15.0
Long Beach
Port Hueneme 11.0 T21.0

3103F.6 Berthing Loads.

3103F.6.1 General. Berthing loads are quantified in lerms of
transfer of kinelic energy of the vessel into potential energy dissi-
pated by the fender(s). The terms and equations below are based
on those in Mil-HDBK-1025/1,.“Piers and Wharves” [3.23]. An.
alternate procedure is presented in PIANC [3.24].

Kinetic energy shall be calculated from the following equation:

EVL'.\'.\‘L‘I = %'%{—/—Vﬁ (3'15)

WHERE:
Eessei= Berthing energy of vgssél [ft-1bs]
W = Total weight of vessel and cargo in pounds [long tons X
2240]
g = Acceleration due to gravity [32.2 ft/sec?]
Vi = Berthing velocily normal to the berth [ft/sec]

The following correction factors shall be used to modify the ac-
tnal energy to be absorbed by the fender system:

Cb' Cm ‘E vessel (3 -1 6)

Eﬁ'mllcr =
WHERE: ‘
Ejonder= Energy to be absorbed by the fender system
Cp = Berthing Coefficient

Cm = Effective mass or virtual mass coefficient (see Section
3103F6.6)
The berthing coefficient, Cp, is given by:

Cy = CoCyCyC,

JANUARY 31, 2005 SUPPLEMENT
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. : CHAP. 31F, DIV, 3
3103F.5.7
3103F.6.5

WHERE:

Ce = Eccentricity Coefficient
C. = Configuration Coefficient
Ce = Geometric Coefficient
Cq = Deformation Coefficient

These coefficients are defined in Sections 31 03F6.2 through
3103E6.5.
The approximate displacement of the vessel (when only partial-

ly loaded) at impact, DT, can be determined from an extension of
an equatzon ﬁom Gaylhwazte [3.25]:

= 1. 25 DWT(dutlu«I/ dma!) (3 -1 8)
WHERE: '
DWT = Dead Weight Tonnage (in long tons)
dactuar = Actual arrival draft of the vessel
dpax = Maximum loaded vessel draft

The berthing load shall be based on the fender reaction due lo
the kinetic berthing energy. The structural capacity shall be estab-
lished based on allowable concrete, steel or timber properties in
the structural components, as defined in Section 3107F. -

" 3103F.6.2 Eccentricity Coefficient (C,). During the berthing

maneuver, when the vessel is not parallel to the berthing line (usu-
ally the wharf face), not all the kinetic energy of the vessel will be
transmitted to the fenders. Due to the reaction from the fender(s),

_ the.vessel will start (o rotate around the contacl point, thus dissi-

pating part of its energy. Treating the vessel as a rigid rod of negli-
gible width in the analysis of the energy impact on the fenders
leads to the equation:

C, =& 3
T R+ k2 (3-19)
- WHERE:

k = Longitudinal radzus of gyration of the vessel [ft]

i}

Distance between the vessel's-center of gravity and the
point of conlact on the vessel's side, projecied onto the
vessel’s longitudinal axis [ft]

3103F.6.3 Geometric Coeffi icient (Cg). The geometric coeffi-
cient, Cg, depends upon the geometric confi tguration of the ship at
the point of impact. It varies from 0.85 for an increasing convex
curvature to 1.25 for concave curvature. Generally, 0.95 is recom-
mended for the impact point al or beyond the quarter points of the
ship, and 1.0 for broadside berthing in which contact is made
along the straight side [3.23].

3103F.6.4 Deformation Coefficient (Cy). This accounis Jor the
energy reduction effects due to local deformation of the ships hull
and deflection. of the whole ship along its longitudinal axis. The
energy absorbed by the ship depends on the relalive stiffness of the
ship and the obstruction. The deformation coefficient varies from
0.9 for a nonresilient fender to nearly 1.0 for a flexible fender. For
larger ships on energy-absorbing [ender systems, little or no de-
Jormation of the ship takes place; therefore, a coefficient of 1.0 is
recommended.

3103F.6.5 Configuration Coefficient (C.). This fuctor accounts
for the difference between an open pier or wharfand a solid pier or
wharf. In the first case, the movements of the water surrounding
the berthing vessel is not (or is hardly) affected by the berth. In the
second case, the water between the berthing vessel and the struc-
ture introduces a cushion effect that represents an extra force on
the vessel away from the berth and reduces the energy to be ab-
sorbed by the fender systen.

a:

For open berth and corners of solid piers, C, = 1.0
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CHAP. 31F, DIV. 3
3103F.6.5
TABLE 31F-3-10

For solid piers with parallel approach, C. = 0.8

For berths with different conditions, C, may be interpolated be-
tween these values [3.23].

3103F.6.6 Effective Mass or Virtual Mass Coefficient (Cy,). In

determining the kinetic energy of a berthing vessel, the effective or
thevirtual mass is the sum of vessel mass and hydrodynamic mass.

The hydrodynamic mass does not necessarily vary with the mass of
the vessel, but is closely related to the projected area of the vessel
al right angles to the direction of motion.

Other factors, such as the form of vessel, water depth, berthing
velogity, and acceleration or deceleration of the vessel, will have
some effect on the hydrodynamic mass. Taking into account both
model and prototype experiments, the effeciive or virtual mass co-
efficient can be estimaled as:

. d
C," = 1 4 2wl aettial (3_20)
WHERE:
daetuatl = Actual arrival draft of the vessel
B = Beam of vessel

The value of C,, for use in design should be a minimum of 1.5
and need not exceed 2.0 [3.23]. v

3103F.6.7 Berthing Velocity and Angle. The berthing velocity,
Vi, is influenced by a large number of factors such as environmen-
tal conditions of the site (wind, current and wave), method of
berthing (with er without tugboat assistance), condition’ of the
vessel durzng berthing (ballast or fully laden) and human factors
(experience of the tugboat captain.).

The berthing velocity, normal to berth, shall be in accordance

mined from Table 31F-3-10. For new berths, the berthing velocity,
Vi s established according to Table 4.2.1 of the PIANC guzde-
lines [3.24].

Subject lo Division approval, if an existing MOT can demon-
strate lower velocilies by velocity monitoring equzpment then
such a velocity may be used.

Inorder to obtain the normal berthing velocity, Vy, an approach

with Table 31F-3-9, for existing berths. Sile condition is deter-"

2001 CALIFORNIA BUILDING CODE

tudinal axis of the vessel nust be determined. The berthing angles,
used lo compute the normal berthing velocity, for various vessel
sizes are shown in Table 31F-3-11.

TABLE 31F-3-11

MAXIMUM BERTHING ANGLE
VESSEL SIZE (DWT) ANGLE [degrees]
Barge . 15
<10,000 ’ o
10,000-50,000 3
>50,000 - 6

3103FE.7 Wind And Current Loads On Structures.

3103F.7.1 General, This section provides methods to determine
the wind and current loads acting on the structure directly, as op-
posed to wind and current forces acting on the siructure from a
moored vessel.

3103F.7.2 Wind Loads.Section 6 of ASCE7 [3.9] shall be used to
establish minimum wind loads on the structure. Additional infor-
mationabout wind loads may be obtained from Simiu and Scanlan

[3.26].

3103F.7.3 CurrentLoads. The current forces acting on the struc-
ture may be established using the current velocities, per Section
3103F.5.3.

3103F.8 Load Combinations. Each component of the struciure
shall be analyzed for all applicable load combinations given in
Table 31F3-12 or 31F-3-13, depending on component type.

The “vacant condition” is the case wherein there is no vessel at
the berth. The “mooring and breasting condition” exists after the

vessel is securely tied to the wharf. The “berthing condition” oc-

curs as the vessel impacts the wharf, and the “earthquake condi-
tion” assumes no vessel is at the berth, and there is no wind or
current forces on the siructure.

The use of various load types is discussed below:

0>G>O>O>O>O>O>O>O>O>O>O’>O>O>O>O>O>O>0>ﬂ>0>0>0>O>O>O>O>O>O>O>G>ﬂ>f’!>0
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angle, definedas the angle formed by the fender line and the longi-

TABLE 31F-3-9 ]
BERTHING VELOCITY V, (NORMAL TO BERTH)
SITE CONDITIONS
VESSEL SIZE (dwt) - TUG BOAT ASSISTANCE Unfavorable Moderate Favorable *
<10,000! . No 1.31 fisec 0.98 ft/sec 0.53 ft/sec
10,000 - 50,000 Yes 0.78 ftlsec 0.66 fi/sec 0.33 fi/sec
50,000 - 100,000 Yes 0.53 filsec 0.39 fi/sec 0.26 fi/sec
>100,000 Yes 0.39 filsec 0.33 fi/sec 0.26 fi/sec
{if tug boat is used for vessel size smatler than 10,000 DWT the berthing velocity may be reduced by 20%
" TABLE 31F-3-10 -
SITE CONDITIONS
SITE CONDITIONS DESCRIPTION WIND SPEED1 SIGNIFICANT WAVE HEIGHT CURRENT SPEED?
Strong Wind
Unfavorable Strong Currents >38 knots >6.5 ft >2 knots
High Waves
Strong Wind
Moderate Moderate Current 238 knots <65t =2 knots
Moderate Waves
Moderate Wind
Favorable Moderate Current <38 knots <G5 ft <2 knots
: Moderate Waves

Tuken at 0.5 x water depth

1-294.44

1A 30-second duration measured at a height of 33 ft.
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3103F.8.1 Dead Load (D). Upper and lower hound values of
dead load are applied for the vacant condition to check the maxi-
mum moment and shear with minimum axial load.

3103F.8.2 Live Load (L). The live load on MOTs is typically
small and is therefore neglected for combinations including earth-
quake louds.

3103F.8.3 Buoyancy Load (B). Buoyancy forces shall be consid-
ered for any submerged or immersed substructures (including
pipelines, sunps and structural componenlj).

3103F.8.4 Wind (W) and Current (C) on the Structure. Wind and
currents-on the vessel are included in the mooring and breasting
condition. The wind and current loads acting on the structure are

therefore additional loads that can act simulianeously with the -.

mooring, breasting and|or berthing loads..

3103F.8.5 Earth Pressure on the Structure (H). The soil prés—
sure on end walls, typically concrete cut-off walls, steel sheet pile
walls on wharf type structures andfor piles shall be considered.

3103F.8.6 Mooring Line/Breasting Loads (M). Mooring line
and breasting loads can occur simultaneously or individually, de-
pending-on the combination-of wind and current. Mulliple load
cases for operating and survival conditions may be required (see
Sections 3103F.5.2 and 3105F.2). In addition, loads caused by
passing vessels shall be considered for the “mooring and breast-
ing condition” Refer to Sections 3105F.2 and 3105F.3 for the de-
termination of moormg line and breasting loaa’s

CHAP. 31F, DIV. 3
3103F.8.1
TABLE 31F-3-13

3103F.8.7 Berthing Load (Be). Berthing is u frequent occur-
rence, and shall be considered as u normal operating load. No in-
crease in allowable stresses shall be applied for ASD, and a load
Jactor of 1.7 shall be applied for the LRFD approuch.

3103F.8.8 Earthquake Loads (E). In LRFD or performance
based design, use a load factor of 1.0; for ASD use 0.7. A load fac-
tor of 1.0 shall be assigned to the earthquake loads. Performance
based seisinic analysis methodology requires that the actual force
demand be limiled to defined strains in concrele, steel and timber:
For the deck and pile evaluation, two cases of dead load (upper
and lower bound) shall be consider ed in combination with the
seismic load. :

3103F.9 Safety Factors For Mooring Lines. Safely factors for
different material types of mooring lines are given in Table
31F-3-14. The safety factors should be applied to the minimiun
number of lines specified by the mooring analysis, using the high-
est loads calculated for the environmental conditions. The mini-
mum breaking load (mbl). of new ropes is obtained [rom the
certificate issued by the manufacturer. If nylon (ails are used in
combination with steel wire ropes, the safety factor shall be based
on the weaker of the two ropes.

3103F.10 Mooring Hardware. Marine hardware consists of
quick release hooks, other mooring fittings and base bolts. The

. certificate issued by the manufacturer normally defines the allow-

able working loads of this hardware,

TABLE 31F-3-12
LRFD LOAD FACTORS FOR LOAD COMBINATIONS [3.13]

JANUARY 31, 2005 SUPPLEMENT

LOAD TYPE -VACANT CONDITION MOORING & BAEASTING CONDITION |  BERTHING CONDITION EARTHQUAKE CONDITION
Dead Load (D) ' 1.4/ 1.2° ‘ 1.2 143
Live Load (L) 1.72 1.72
Buoyancy (B) . L3 13 13
Wind on Structure (W) 1.3 1.3 ) 1.0
Current on Structure (C) i 1.3 1.3 1.0
Earth Pressure on the Structure (H) 1.6 16 Lo 1.6 1.0
Mooring/Breasting Load (M) ’ 13 '
Berthing Load (Be) 1.7
Earthquake Load (E) 1.0
Reduce load factor for dead load (D) 10 0.9 to check components for minimum axial load and maximum moment.
2The load factor for live load (L) may be reduced to 1.3 for the maximum outrigger float load from a truck crane.
3k = 0.50 (PGA) .
* TABLE 31F-3-13
) SERVICE OR ASD LOAD FACTORS FOR LOAD COMBINATIONS
LOAD TYPE VACANT CONDITION MOORING & BREASTING CONDITION BERTHING CONDITION EARTHQUAKE CONDITION
Dead Load (D) _ 1.0 1.0 Lo 1207k
Live Load (L) . . 1.0 1.0
Buoyancy (B) 1.0 1.0 1.0
Wind on Structure (W) 1.0 1.0 1.0
Current on Structure (C) L0 1.0 1.0
"| Earth Pressure on the structure (I1) 1.0 L0 . 1.0 1.0
Mooring/Breasting Load (M) ' 1.0 ‘
Berthing Load (Be) 1.0
Earthquake Load (E) 0.7
% Allowable Stress 100 100 100 133
Ik = 0.5 (PGA)
1-294.45
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TABLE 31F-3-14 .
SAFETY FACTORS FOR ROPES*

Steel Wire Rope 1.82
Nylon 2.2
Other Synthetic 2.0
Polyester Tail 2.3
Nylon Tail 2.5

*From Mooring Equipment Guidelines, OCIMF[3.27]

3103F.10.1 QuickRelease Hooks. For new MOTS, a minimum of
three quick-release hooks are required for each breasting line
location for tankers larger than 50,000 DWT. At least two hooks at
each location shall be provided for breasting lines for tankers less
than 50,000 DWT. '

All hooks shall withstand the minimum breaking load (MBL) of
the strongest line with-a Safety Factor of 1.2 or greater. Only one
mooring line shall be placed on each quick release hook.

3103F.10.2 Other Fittings. Other ﬁttiﬁgs include cleats, bitts
and bollards. '

Ifthe allowable working loads for existing fittings are not avail-
able, the values listed in Table 31F-3-15 may be used for typical
sizes, bolt patterns and layout. The allowable working loads are
defined for mooring line angles up to 60 degrees from the horizon-
tal. The combination of vertical and horizontal loads must be con-
sidered, ' :

TABLE 31F-3-15
ALLOWABLE WORKING LOADS

TYPE OF FITTINGS NO.OFBOLTS | BOLT S!ZE‘(ln) nggg’frlf%i)

30 in. Cleat 4 1y 20
42 in. Cleat 6 Hig 40

Low Bitt . 10 13y 60 per column

High Bitt - 10 Bl . 75 per column
4415 in. Ht. Bollard 4 Py 70
44!}; in. Ht. Bollard | 8 214 200
48 in. Ht. Bollard 12 23 450

Note: This table is modified from Table 48, MIL-HDBK-1026/4A [3.15]

3103F.10.3 Base Bolts. Base bolts are subjected to both shear
and uplift. Forces on bolts shall be determined using the following
factors: .

1. Height of load application on bitts or bollards.

2. Actual vertical angles of mooring lines for the highest and
lowest tide and vessel draft conditions, for all sizes of vessels at
each particular berth

3. Actual horizontal angles from the mooring line configura-
tions, for all vessel sizes and positions at each particular berth

4. Simultaneous loads from more than one vessel

For existing MOTS, the deteriorated condition of the base bolts
and supporting members shall be considered in determining the
capacity of the fitting.

3103F.11 Miscellaneous Loads. Handrails and guardrails shall
be designed for 25 plf with a 200-pound minimum concentrated
load in any location or direction.

1-294.46
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3103F.12 Symbols.

a

Ce
C’I"

Distance between the vessel'’s center of gravity and
the point of contact on the vessel's side, projected
onto the vessel’s longitudinal axis [fi]

Beam of vessel

Coefficient used to adjust one-second period spectral
response, for the effect of viscous damping

. Coefficient used to adjust the short period speciral

response, for the effect of visous damping.
Berthing Coefficient '

= Configuration Coefficient

Geometric Coefficient

. Deformation Coelficient

= Ecceniricity Coefficient

C{=

DSA

DSAy =

Dr

DWT =

“dactual

Aoy =

Efender
Eyessel
Fy, F,

Sx1

1]
Vt=30 sec
Vi

Effective mass or virtual mass coefficient
Windspeed conversion factor

Design Spectral Acceleration

DSA values at damping other than 5 percent
Displacement of vessel

Dead weight tons )
Arrival maximum draft of vessel at berth
Maximum vessel draft (in open seas)
Energy to be absorbed by the fender system
Berthing energy of vessel [fi-lbs]

= Site coefficients from Tables 31F-3-5 and 31F-3-6
= Acceleration due to gravity [32.2 fi/sec?]
= Elevation above water surface [feet]

Current velocity correction factor (Fig 31F-3-4)
Radius of longitudinal gyration of the vessel [ft]

Peak ground acceleration corresponding to the Site
Class under consideration.

Water depth measured from the surface

= Spectral acceleration

Spectral acceleration value (for the boundary of Sg
and Sc) at 1.0 second

= Site classes as defined in Table 31F-6-1

Spectral acceleration value (for the boundary of Sg
and Sc) at 0.2

‘Spectral acceleration value at 1.0 second corre-

sponding to the Site Class under consideration

Spectral acceleration value at 0.2 second corre-
sponding to the period of Sg and the Site Class under
consideration

Draft of vessel (see Fig 31F-3-4)
Period (Sec)
Period at which the constant acceleration and

constant velocity regions of the design spectrum in-
tersect

Average current velocity [knots]

Current velocily as a function of depth [knots]
Wind speed (knots) at elevation h

Over land wind speed

Berthing velocity normal to the berth [fi/sec]

= Velocity over a given time period

Wind speed for a 30 second inlerval
Wind speed at 33 fi. (10 m) elevation [knols]
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Total weight of vessel and cargo in pounds [displace-

W =
ment tonnage X 2240]
WD = Water Depth (Fig 31F-3-4)

3103F.13 References.

[3.1] Federal Emergency Munagement Agency, FEMA-356,
Nov. 2000, “Prestandard and Commentary for the Seis-
mic Rehabilitation of Buildings, " Washington, D.C.

[3.2] California Geological Survey, 1998, “Probabilistic Seis-
mic Hazard Map of California,” (website:

wwwi.consry.ca. govidmg/rghm/psha/index. him), Sacra-

mento, CA.

[3.3] Idriss, ILM., August 1985, “Evaluating Seismic Risk in

" Engineering Practice, " Proceedings, Theme Lecture No.

6, XT International Conference on Soil Mechanics -and

Foundation Engineering, San Francisco, CA vol. I, pp.
255-320.

[3.4 ] Southern California E arlhquake ‘Cenler (SCEC), M arcl'z
1999, “Recommended Procedures for Implementation of
DMG Special Publication 117 Guidelines for Analyzing
and Mitigating Liguefaction in California,” University
of Southern California, Los Angeles.

[3.5] Savy,J. and Foxall, W, 2002, “Probabilistic Seismic Haz-
ardAnalysis for Southern California Coastal Facilities,”
2003, Lawrence Livermore National Laboratory.

[3.6] Idriss, LM. and Sun, J.I, 1992, “User’s Manual for
SHAKE91, A Computer Program for Conducting Equiv-
alent Linear Seismic Response Analyses of Horizontally
Layered Soil Deposits,” Center. for Geotechnical Model-
ing, Department of Civil and Environmental Engineer-
ing, University of California, Davis, CA. .

[3.7] Somerville, Paul G., Smith, Nancy E,, Graves, Robert W,

and Abrahamson, Norman A., 1997, “Modification of

Empirical Strong Ground Motion Altenuation Relations

to Include the Amplitude and Duration Effects of Rup-

ture Directivity”, Seismological Research Letters, Vol-

ume 68, Number 1, pp.199 - 222.

California Code of Regulations, “Marine Terminals, In-

spection and Monitoring,” Title 2, Division 3, Chapter

1, Article 5. California State Lands Commission, Sacra-

mento, CA.

[3.8]

[3.9]

mumDesignLoads for Buildings and Other Struciures,”
ASCE 7-98, Revision of ANSI/ASCE 9-95, Reston, VA.

[3.10] Pile Buck Production, 1992, “M. oormg S ystems, ” Pile

Buck Inc., Jupiter, Florida.

[3.11 ] Oil Companies International Marine Forum (OCIMF )3
1977, “Prediction of Wind and Current Loads on
VLCCs,” London, England.

[3.12] British Standards Institution, 2000, “British Standard
Code of Practice for Maritime Structures - Part 1 Gen-
.eral Criteria” BS6349, Part 1, London, England.

[3.13] Ferritto, J., Dickenson, S., Priestley N., Werner, S., Tay-
lor, C., Burke D., Seelig W., and Kelly, S., 1999, “Seismic
Crileria for California Marine Oil Terminals,” Vol. 1

JANUARY 31, 2005 SUPPLEMENT

American Society of Civil Engmee;s, Jan. 2000, “Mmt- '

CHAP. 31F, DIV. 3
3103F.12
3103F. 13

and Vol. 2, Technical Report TR-2103-SHR, Navul Fu-
cilities Engineering Service Center, Port Hueneme, CA.

[3.14] National Oceanic and Atmospheric Administration,

Contact: National PORTS Program Manager, Center

Jor Operational Oceanographic Products and Services,
1305 EW Higlway, Silver Spring, MD 20910, web page:
hutp:flco-ops.nos.noaa.govid ports.hitml

[3.15] Dept. of Defense, 1July 1999, “Mooring Design,” Mil-
HDBK-1026/4A, Washington, D.C.

[3.16] Chakrabarti, S. K., 1987, “Hydrodynamics of Offshore
Structures,” Computational Mechanics.

[3.17] Wang, Shen, August 1975, “Dynamic Effects of Ship
Passage on Moored Vessels, ” Journal of the Waterways,
* Harbors and Coastal Engineering Division, Proceed-
ings of the American Society of Civil Engineers, Vol.

101, WW3, Reston, VA.

[3.18] Flory,John. F, 2001, “A Method for Estimating Passing
Ship Effects,” Proceedings, Ports 2001, ASCE Confer-
ence April 29-Muy 2, Norfolk, Virginia.

[3.19] Seelig, William N., 20 November 2001, “Passing Ship
Effects on Moored Ships,” Technical Report
TR-6027-OCN, Naval Facilities Engineering Serwce
Center, Washington, D.C.

[3.20] Garcia, A. W. and Houston, J. R., November, 1975,
" “Type 16 Flood Insurance Study: Tsunami Predictions
for Monterey and San Francisco Bays and Pugel
Sound, ” Technical Report H-75-17, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

[3.21] Synolakis, C., “Tsunami and Seiche,” Chapler 9 in

' Earthquake Engineering Handbook, Chen, W, Scaw-
thorn, C. S. and Arros, J. K., editors, 2002, CRC Press,
Boca Raton, FL.

[3.22] Camfield, Frederick E., February 1980,
“Tsunami Engineering,” U.S. Army, Corps of Engi-
neers, Coastal Research Center; Special Report No. 6.

" [3.23] Dept. of Defense, 30 June 1994, Military Handbook,
“Piers and Wharves,” Mil-HDBK-1025/1, Washington,
D.C.

" [3.24] Permanent International Association of Navigation
Congresses (PIANC), 2002, “Guidelines for the Design
of Fender Systems: 2002, ” Brussels.

[3.25] Gaythwaite, John, 2004, “Design of Marine Facilities
Jor the Berthing, Mooring and Repair of Vessels,” Amer-
ican Society of Civil Engineers, Reston, VA.

[3.26] Simiu E. and Scanlan R., 1978, “Wind Effects on Struc-
tures: An Introduction to Wind Engineering, ” Wiley-In-
terscience Publications, New York.

[3.27] Oil Companies International Marine Forum (OCIMF),
1997, “Mooring equipment Guidelines,” 2nd ed., Lon-
don, England.

Authorily: Sections 8755 and 8757, Public Resources Code.

Reference: Sections8750,8751, 8755 and 8757, Public Resources
Code.

1-294.47

0>O>0>0>0>O>()>O>O>O>O>O>O>O>O>O>0>0>O>0>O>O>O>O>0>0>0>0>0>0>O>0>0>(‘1}O>0>G>D>O>O>O>O>O>G>O>"}>’)>"l>’1>".>"‘.>




CHAP, 31F, DIV. 4 : -
3104F
TABLE 31F4-1

2001 CALIFORNIA BUILDING CODE

Division 4

SECTION 3104F — SEISMIC ANALYSIS AND

STRUCTURAL PERFORMANCE “T* layout “Istand wharl”
3104F.1 General. access dophin :%‘LT:;““
trasile B

. , N 1stand
3104F.1.1 Purpose. The purpose of this Section is to esiablish L T catwalh +
minimum standards for seismic analysis and structural perfor- IRREGULAR REGULAR
mance. Seismic performance is evaluated at two crileria levels.
Level 1 requirements define a performance criterion to ensure "Marcinal wharf*"

MOT functionality. Level 2 requirements safeguard against major
structural damage or collapse.

3104F.1.2 Applicabiliiy. Section 3104F applies to all new and

[‘:-: M—',-
existing MOTs structures. Structures supporting loading arms, IRREGULAR REGULAR
pipelines, oil transfer and storage equipment, critical nonstruc-
tural systems and vessel mooring structures, such as mooring and ..U” layoul . Marglnal whar
breasting dolphins are included. Catwalks and similar compo- T 7

nents that are not part of the lateral load carrying system and do
not support oil transfer equipment may be excluded.

IRREGULAR

| ———
IRREGULAR

3104F.1.3 OilSpill Risk Classification. Each existing MOT shall
be catagorized into one of three risk classifications (high, medium
or low) as shown in Table 31F-4-1, based on the highest of the fol-
lowing:

FIGURE 31F4-1—PIER AND WHARF CONFIGURATIONS

3104F.2 Existing MOTs

. 3104F.2.1 Design Earthquake Motions. Two levels of design
seismic performance shall be considered. These levels are defined
as follows:

1. Exposed total volume of oil during transfer ( “total volume”
as calculated in Section 3108E2.3)

2. Number of oil transfer operations per berthing system per
year

3. Maximum vessel size (DWI) that may call at the berthing Level 1 Seismic Performance:
system » Minor or no structural damage
If risk reduction strategies (see Section 3101E5) are adapted * Temporary or no interruption in op erations
such that the maximum volume of exposed oil during iransfer is
less than 1,200 barrels, the classification level of the facility may

be lowered. All new MOTs are classified as high risk.

Level 2 Seismic Performance:

"« Controlled inelastic structural behavior with repairable
damage

3104F.14 Cbnﬁguration Classification. Each MOT shall be * Prevention of structural collapse

designated as regular or irregular, in accordance with Figure
31F-4-1.

Irregular configurations, such as the “T” layout, may be ana-
lyzed as regular if the presence of expansion joints divides the T- -
configuration into two or more regular segments. Expansion
Jjoints in this context are defined as joinis that separate each struc-
tural segment in such a manner that each segment will move inde-
pendently during an earthquake.

e Temporary loss of operations, restorable within months
¢ Prevention of major spill (= 1200 bbls)

"' 3104F.2.2 Basis for Evaluation. Component capacities shall be
based on existing conditions, calculated as “best estimates, ” tak-
ing into account the mean material strengths, strain hardening
and degradation over time. The capacity of components with little
or no ductility, which may lead to brittle failure scenarios, shall be
calculated based on lower bound material strengihs. Methods to
establish component strength and deformation capacities for typi-
cal structural materials and components are provided in Section
3107F. Geolechnical considerations are discussed in Section

If an irreguldr MOT is divided into seismically isolated sec-
tions, an evaluation of the relative movement of pipelines and sup-
ports shall be considered, including phase differences (Section
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TABLE 31F-4-1
MOT RISK CLASSIFICATION
TRANSFERS PER YEAR FER
RISK CLASSIFICATION EXPOSED OIL (bbls) BERTHING SYSTEM MAXIMUM VESSEL SIZE (DWTx1000)
High =71200 N.A. NA.,
Medium <1200 =90 =30
Low <iZ0g <90 <3u
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3104F.2.3 Analytical Procedures. The objective of the seismic
analysis is to verify that the displacement capacity of the structure
is greater than the displacement demand, for each performance
level defined in Table 31F-4-2. The required analytical proce-
dures are summarized in Table 31F-4-3.

The displacement capacity of the structure shall be caleulated
using the nonlinear static (pushover) procedure. It is also accep!-
able 1o use a nonlinear dynamic procedure for capacity evalua-
tion: Methods used to calculate the displacement demand are
linear modal, nonlinear static and nonlinear dynamic.

Any rational method, subject to the Division's approval, can be
used in lieu of the required analytical procedures shown in Table
31F-4-3. . .

3104F.2.3.1 Nonlinear Static Capacity Procedure (Pushover).

Two-dimensional nonlinear static (pushover) analyses shall be .

performed; three-dimensional analyses are optional. A model that
incorporaltes the nonlinear load deformation characleristics of all
components Jor the lateral force-resisting system shall be dis-
placedtoalarget displacement o delermine the internal deforma-
lions and forces. The target displacement depends on the seismic
performance level under cons:deralzon Modeling details are as
fallows . .

3104F. 2 3.1.1 Modeling. A series af nonlinear pushover analy-
ses may be required depending on the complexity of the MOT
structure. Al a minimum, pushover analysis of a iwo-dimensional
model shall be conducled in both the longitudinal and transverse
directions. The piles shall be represented by nonlinear elements
that capture the momeni-curvaturefrotation -relationships for

components with expecied inelastic behavior in accordance with

Section 3107F. A nonlinear element is not required o represent
each pile location. Piles with similar lateral force-deflection be-
havior may be lumped in fewer larger springs, provided that the
overall lorsional effects are captured. .

CHAPR. 31F, DIV. 4
3104F.2.3
TABLE 31F4-3

Linear material component behavior is acceptable where non-
linear response will not occur: All components shall be based on
effective moment of inertia calculated in accordance with Section
3107F. Specific requirements for timber pile structures are dis-
cussed in the next section.

3104F.2.3.1.2 Timber Pile Supported Structures. For all tinher
pile supported structures, linear elastic procedures may be used.
Alternatively, the nonlinear static procedure may be used o esti-
male the targe! displacement demand, Ay.

A simplified single pile model for a typical timber pile sup-
ported structure is shown in Figure 31F-4-2. The pile-deck con-
nections may be assumed to be.“pinned”. The lateral bracing can

_often be ignored if it is in poor condition. These assumptions shall
. be used for the analysis, unless a detailed condition assessment

and lateral analysis indicate that the existing bracing and connec-
lions may provide reliable lateral resistance.

A series of single pile analyses may be sufficient lo establish the
nonlinear springs required for the pushover analysis.

Fcontributary

4-\

timber pile
5?11 springs
AN -
ANANANA-
FVANAAANN-
AAAAAAAA- |
[AAAAAAAA~

L B e i

As-Built Structure Idealized Pile Mode(

FIGURE 31F-4-2—SIMPLIFIED SINGLE PILE MODEL.OF
A TIMBER PILE SUPPORTED STRUCTURE ‘

' TABLE 31F4-2
'SEISMIC PERFORMANCE CRITERIA
RISK CLASSIFICATION SEISMIC PERFORMANCE LEVEL PROBABILITY OF EXCEEDANCE RETURN PERIOD
High Level 1 50% in 50 years 72 years
Level 2 10% in 50 years 475 years
Medium Level | 65% in 50 years 48 years
) Level 2 15% in 50 years 308 years
Low Level 1 '75% in 50 years 36 years
Level 2 20% in 50 years 224 years
TABLE 31F4-3
MINIMUM REQUIRED ANALYTICAL PROCEDURES
RISK CLASSIFICATION - CONFIGURATION ~ SUBSTRUCTURE MATERIAL DISPU'\:gglgglnggMAND Dlspmffgggguggmmw
High/Medium Irregular ConcretefSteel Linear Modal Nonlinear Static
High/Medium Regular ConcretefSteel Nonlinear Staric Nonlinear Static
Low Regular/lrregular Concrete/Steel Nonlinear Static Nonlinear Static
High/Medium/Low Regularflrregular Timber Nonlinear Static Noalinear Static

JANUARY 31, 2005 SUPPLEMENT
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J104F2.3.2,5

3104F.2.3.1.3 Soil-Structure Interaction (SSI). Load-deforma-
tion characteristics for foundations shall be modeled as per Sec-
tion 3106ES5. Selection of soil springs shall be based on the
Jollowing:

1. Effectofthe large difference in up and down slope stiffnesses
Jor wharf type structures

Jor 1-z curves used lo model batter pile behavior

A separate analysis that capiures the demand (Section
3104F.2.3.2) on the piles due lo permanent ground deformations,
at entbankments only, shall be performed.

checked for the following load combinations:
L.OEiertial
. 1 .OHd + 0-25Einerlinl

WHERE:

‘Eipertial = Inertial seismic load

Hy

3104F.2.3.2 Nonlinear Static Demand Procedure. A nonlinear

static procedure shall be used to determine the displacement de-
mand for all concrete and steel structures, with the axceplwn of
zrregular configurations with high or moderate seismic risk clas-
sifications. The following subsections describe the procedure of
reference [4.1]; an alternate procedure is presented in ATC 40
[4.2]. A linear modal procedure is required for irregular struc-
tures with high or moderate seismic risk classifications, and may
be used for all other classifications in lieu of the nonlinear static
procedure. .

i

Foundation deformation load

3104F.2.3.2.1 Lajeral Stiffness. The lateral Stiﬁ"ness, k,is calcu-
lated from the force-displacement relation as the lotal base shear,
V)} , corresponding to theyield displacement of the structure Ay. Ay

forcement.

the structure in the direction under consideration shall be calcu-

lated as follows:
= m
T =2 ‘/;
WHERE:

mass of structure in kips/g
stiffness in direction under consideration in kips/ft
gravity, 32 ft/sec? (9.8 meters/sec?)

(1)

n

k
4

3104F.2.3.2.3 Target Displacement Demand. The targel dis-
placement demand of the structure, 4y, can be calculated by multi-
Plying the spectral response acceleration, Sy, corresponding to
the period, T, by T%/4.72

n

1]

n

2

4= S5

IfT < T,, where T, is the period corresponding to the peak of the

acceleration tesponse spectrum, a refined analysis (see Section

3104F.2.3.2.5) shall be used to calculate the displacement de-

mand. Multidirectional excitation shall be addressed per Section
3104F4.2.

1-294.50°

2. Effect of upper and lower bound soil par ameters, especzally

If a simplified methodology is followed the piles need to be .

is the displacement at first yield in the pile/deck connection rein-

3104F.2.3.2.2 Structural Period. The fundamental period, T, of .

(4-2)-

2001 CALIFORNIA BUILDING CODE

31 04F. 2 3.2.4 Damping The displacement demand established

damping values obtained from a'refined analysis may be used to
calculate the displacement demand.

3104F.2.3.2.5 Refined Analyses. Refined displacement demand
analyses may be calculated as per Chapters4 and 5 of [4.1] andis
briefly sumimarized below.

1. Determine 4y, from Section 3104F.2.3.2.3.

2. From the nonlinear pushover analysis, determinéthe struc-
tural yield displacement A,

3. Theductility level, py, is found from 4y/4,. Use the appropri-

" ate relationship between ductility and damping, for the compo-

nent undergoing inelastic deformation, to estimate the effective
structural damping, Eg. In lieu of more detailed analysis, the rela-
lionship shown in Figure 31F-4-3 or equation (4-3) may be used
Jor concrete and steel piles connected (o the deck through dowels
embedded in the concrete.

Eg = Q.05+% 1-1=r_, 11, (4-3)
s
WHERE: .
r = ratio of second slope over elastic slope (see Figure
" 31F-4-5)
0.25
© 0.20
045 .
iz
- @
s
0.10
0.05 ~
0.00 — T T T T
0.0 19 20 3.0 40 50 6.0
HA
FIGURE 31F-4-3—RELATION EETWEEN DUCTILITY, py,
AND EFFECTIVE DAMPING, &g [4.1]

4. From the acceleration response specira, create elastic dis-
placement spectra, Sp, using equation (4-4) for various levels of
damping.

(+4)

S. Using the curve applicabie to the effective structural damp-
ing, § find the effective period, Ty (see Figure 31F-4-4).

6. In order to convert from a design displacement response
speclra to another spectra for a different damping level, the ad-

" justment faclors in Section 3103F4.2.9 shall be used.

JANUARY 31, 2005 SUPPLEMENT
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ad E=3%

Displacement

gl =

Ty Period T

FIGUHE 31F4-4—DESIGN DISPLACEMENT .
- RESPONSE SPECTRA

7. The effective stiffness ke, can then be found fl.'om:

_ 4m
k.= Tz (4-5)
WHERE: .
M = mass of deck consider ed in the analysw
Ty = effective structural period
8. The required strength F,, can now be estimated by:
F, = k4, (+6)

9. F,, and 4y can be plotted on the force- dlsplacement curve es-
tablished by the pushover analysis. Since this is an iterative pro-
- cess, the intersection of Fy, and 4y most likely will not fall on the

An adjusted value of 4y, taken as the intersection between the
force-displacement curve and a line between the origin and F
nd 4y, can be used to find piy.

1 0. Repeat the process until a satisfactory solutzon is obtained
(see Figure 31F-4-5).

Lateral Force

Ke | : .~
A ;
4 Displacement &

FIGURE 31F4-5—EFFECTIVE STIFFNESS, ke [4.1]

3104F.2.3.3 Linear Modal Demand Procedure. For irregular
concrete/steel structures with moderate or high risk classifica-
tions, a linear analysis is required to predici the global displace-
ment demands. A 3-D linear elastic response analysis shall be
used, with effective moment of inertia applied to componenis fo.es-
tablish lateral displacement demands.

Sufficient modes shall be included in the analysis such that 90
percent of the participating mass is capliured in each of the princi-

. JANUARY 31, 2005 SUPPLEMENT

force-displacement curve and a second iteration will be required. '

CHAP. 31F, DIV. 4
FIGURE 31F44
3104F.3

pal horizontal directions for the structure. For modal combina-
tions, the Complete Quadratic Combination rule shall be used.
Multidirectional excitation shall be accounted for in accordance
with Section 3104F.4.2.

The lateral stiffness of the linear elastic response model shall be
based on the initial stiffness of the nonlinear pushover curve as
shown in Figure 31F-4-6 (also see Section 3106F.5.1). The p-y
springs shall be adjusted based on the secant method approach.
Most of the p-y spr z‘ngs will typically be based on their initial stiff-
ness; no iteration is required.

If the fundamental period in the direction undel consideration
is less than T, as defined in Section 3104F.2.3.2.3, then the dis-
placement demand shall be amplifi ed as specified in Section
3104F2.3.2.5.

P A
. 4
: //
//
g /4
S
w
s 1 _ Pushover
D
2 ; Curve
._l K 1
1
1
1
1
1
i
1 b
A y Displacement . A

FIGURE 31F-4-6—STIFFNESS FOR LINEAR
MODAL ANALYSIS

3104F.2.34 Nonlinear Dynamic Analysis. Nonlinear dynamic -

time history analysis is optional, and if performed, a peer review is
required (see Section 3101F.6.1). Multiple acceleration records
shall be used, as explained in Section 3103F.4.2.10. The followmg
assumptions may be made:

1. Equivalent “super piles” can represent groups of piles.

2. If the deck has sufficient rigidity (both in-plane and out-of-
plane) to justify its approximaltion as a rtgzd element, a 2-D plan
simulation may be adequate.

A time-history analysis should always be compared with a sim-
plified approach to ensure that resuls are reasonable. Displace-
menis-calculated from the nonlinear time history analyses may be
used directly in design, but shall not be less than 80 percent of the
values oblained from Section 3104F.2.3.2.

3104F.2.3.5 Alternative Procedures. Allernative lateral-force
procedures using rational analyses based on well-established
principles of mechanics may be used in lieu of those prescribed in
these provisions. As per Section 3101F.6.1, peer review is re-
quired.

3104F.3 New MOTs. The analysis and design requirements de-
scribed in Section 3104F.2 shall also apply to new MOTs. Addi-
tional requirements are as follows:

(see  Section

1. Site-specific response spectra  analysis

3103F4.2.3).

2. Soil parameters based on site-specific and new borings (see

Section 3106F.2.2).
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CHAP. 31F, DIV, 4
3104F.4
FIGURE 31F4-7

3104F4 General Analysis and Design Requirements.

3104F4.1 Load Combinations. Earthquake loads shall be used
in the load combinations described in Section 3103F.8.

3104F 4.2 Combination of Orthogonal Effects. The design dis-
placement demand, Ay, shall be calculated by combining the lon-
gitudinal, 4., and transverse, 4, displacements in the horizontal
plane (Figure 31F-4-7):

dy = J4i+ 45 (4-7)
WHERE: ’ ‘

’ 4, =4, + 034 (4-8)
and = 0.34,, + 4,, (4-9)
or ’
and 4, =4, + 034, (4-10)

4, =034y + Ay (4-11)

whichever results in the greater design displacement demand.

In lieu of combininé the displacement demands as presented

above, the design displacement demand for margmal wharf tlype

MOTs may be calculated as:

d,= 4,1+ 03( + 20e/L))>  (4-I2)
WHERE:
4,, = transverse displacement derhand
e = eccentricily between center of mass and center of rigid-
ity ' .
Ly = longitudinal length between wharf.expansion

This equation is only valid for wharf aspect ratios (length/
breadth) greater than 3 .

3104F4.3 P-4 Ejj"ects. The P-A effect (i.e., the additional mo-
ment induced by the total vertical load multiplied by the lateral
deck deﬂectzon) shall be considered unless the followmg relatzon-
ship is satisfied (see Figure 31F-4-8):

|4 4y
—_ > — -
7= A - (4-13)
V= base shear strength of tlze str uctwe obtained from a
plastic analysis
W = dead load of the frame
4y = displacement demand
H = distance from the location of maximum in-ground mo-
ment to center of gravity of the deck _
AY .
Landward } - Edge e
L] . . * e . i
. i
- » . . L :
X
* . . L] H
!
. . . (: i L
Seaward Edge . :
(a) Plan view

{b) Displaced shape, X excitation
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For wharf structures where the lateral displacement is limited
by almost fully embedded piles, P-4 effects may be ignored; how-
ever, the individual stability of the piles shall be checked in accor-
dance with Section 3107F.2.5.2,

Ifthe landside batter piles are allowed (o fail in a Level 2 evalu-
ation, the remaining portion of the wharf shall be checked for P-A

effects.

3104F.4.4 ExpansionJoints. The effect of expansion joints shall

be considered in the seismic analysis. .

3104FA4.5 Shear Key Forces.Shear force across shear keys con-

necling adjacent wharfsegments, Vg, , (approximate upper bound
to the shear key force [4.3]) shall be calculaled as follows:

Vie = 1.5(e/L)Var (4-14)
WHERE:
" Vur = totalsegment lateral force Jound from a push-ove: anal-
ysis
Ly = segmenl length
e = eccenliricity belween the center of rigidity and the center

of mass

" 3104F4.6 Connections. For an existing wharf, the deteriorated

conditions at the junction between the pile lop and pile cap shall
be considered in evaluating the moment capacity. Connection de-
tail between the vertical pile and pile cap shall be evaluared to de-
termine whether full or partial moment capacity can be developed
under seismic action.

For new M OTs, the connection details shall develop the full mo-
ment capacities.

The modelirig shall simulate the actual moment capacity (full or
partial) of the joint in accordance with Section 3107F.2.7.

3104F.4.7. Batter Piles. Batter piles primarily respond o earth-
quakes by developing large axial compression or tension forces.
Bending moments are generally of secondary.importance. Failure
in compression may be dictated by the deck-pile connection (most
common type), material compression, buckling, or by excessive
local shear in deck members adjacent to the balter pile. Failure in

tension may be dictated by connection st ength or by pile pull out.

(p. 3-83 of [4.3]).

When the controlling failure scenario is reached and the batter
pile fails, the computer model shall be adjusted to consist of only
the vertical pile acting either as a full or partial moment frame
based on the connection details between the pile top and pile cap.
The remaining displacement capacily, involving vertical piles, be-
fore the secondary failure stage develops, shall then be estab-
lished (see Section 3107F.2.8).

(c) Displaced shape, Y excitation

FIGURE 31F-4-7—PLAN VIEW OF WHARF SEGMENT UNDER X AND Y SEISMIC EXCITATIONS [4.3]
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FIGURE 31F-4-6—P-A EFFECT

Axial p-z curves shall be modeled: In compression, displace-
ment capacily should consider the effect of the reduction in pile
modulus of elasticity at high loads and the increase in effective

‘length for friction piles. This procedure allows the pile to deform

axially before reaching ultimate loads; thereby increasing the dis-
placement ductility [4.3]: ‘

~ Horizontal nonlinear p-y springs are only applied to batter
piles with significant embedment, such as for landside batter piles

that extend well above the ground such as waterside batier piles in
a wharf structure or batter piles in a pier type structure.

3104F.5 Nonstructural Components. Nonstructural compo-
nents including, but not limited to pipelines, loading arms, raised
platforms, control rooms and vapor control equipment may affect

the global structural response. In such cases, the seismic charac-

teristics (mass andlor stiffness) of the nonstructural components
shall be considered in the structural analysis. .

3104F.5.1 Mass Contribution. The weight of permanently at-
tachéd nonstructural components shall be included in the dead
load of the structure, per Section 3103E.2. An exceptionis an MOT

pipeline that is allowed to slide between anchor points and hence

the pipeline response is typically out of phase with the structural
response. Thus, the pipeline may be subjected 1o a different accel-
eration than the substructure, even if the pipeline cannot slide be-
tween anchor points. In such cases, the pipeline mass shall not be
included directly in the seismic mass of the structure.

3104F.5.2 Seismic Loads. In general, for nonstructural compo-
nents, the evaluation procedures of Section 3110E8 are adequate.

Forpipelines, the seismicanalysis shall be performed in accor-
dance with Section3109F.3, inlieu of Section 3110E.8. If an analy-
sis has been performeéd and support reactions are available, they
may be used to determine the forces on the support structure.

A pipeline segment under consideration shall extend between
two adjacent anchor points. A simplified pipeline analysis may be
used when the relative displacement demands of anchor points are
considered, As an option, a full nonlinear time-history analysis
can be used to capture the nonlinear interaction between the
structure and the pipeline.

3104F.6 Nonstructural Critical Systems Assessment. A seismic
assessment of the survivability and continued operation during a
Level 2 earthquake (see Table 31F-4-2) shall be performed for
critical systems such as fire protection, emergency shutdown and
electrical power systems. The assessment shall consider the ade-

JANUARY 31, 2005 SUPPLEMENT

inawharfstructure. Moment fixity can be assumed for batter piles

CHAP. 31F, DIV. 4
- FIGURE 31F-4-8
- 3104F.8

quacy and condition of anchorage, [lexibility and seismically-
induced interaction. The results shall be included in the Audit.

3104F.7 Symbols.

Eccentricity between center of mass and center of ri-
gidity

e

Einertiat = Inertial seismic load

F, = Required strength at maximum response
H = Distance from maximum in-ground moment to center
of gravily of the deck )
Hy = Foundation deformation load
k = Stiffness in direction under consideration in kift
k. = Effective stiffness
L = Longitudinal length between wharf expansion joints
m = Mass of structure in kips/g :
M = Mass of deck considered in the analysis
r = Ratio of second slope over elaslic slope

S4 = Spectral response acceleration, at T

Sp = Displacement response spectrum, at T
Sap = Spectral response acceleratzon of pipeline segment
. under consideration
T = Fundamental period of structure
Ty = Effective structural period
V = Base shear strength of the structure obtained from a
plastic analysis
Y, = total base shear
Var = total segment lateral force
Vit = Shear force across shear keys
W = Dead load of the frame
W, = Weight of pipeline segment under consideration
4y = Design displacement demand
A, = Longitudinal displacement demand
Aw = Xdisplacement under X direction excilation
4y = Xdisplacement underY direction excilation

Transverse displacement demand
Y displacement under X direction excitation

4 =
A =
by =
g =
EorE =
3104F.8 References.

'[4.1] Priestley, MJ.N., Sieble, F,, Calvi, G.M., 1996, “Seismic
Design and Retrofit of Bridges, " John Wiley & Sons, Inc.,
New York, USA.

[4.2] Applied Technology Council, ATC-40, 1996, “Seismic
Evaluation and Reliofit of Concrete Buildings”, Vols. 1
and 2, Redwood City, CA.

[4 3] Ferritto, J., Dickenson, S., Priesiley N., Werner, S., Tay-
lon, C., Burke D., Seel:g W, andKelly, S., 1999, “Seismic
Criteria for (,alzjo: nia Marine Oil Terminals,” Vol. 1 and
Vol. 2, Technical Report TR-2103-SHR, Naval Facilities
Engineering Service Center, Port Hueneme, CA.

Y displacement under Y direction excilation
Ductility level
Effective structural damping

Authority: Sections 8755 and 8757, Public Resources Code.
Reference: Sections 8750, 8751, 8755 and 8757, Public Resources

Code.
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CHAP. 31F, DIV. 5
3105F
3105F.2.1

) 2001 CALIFORNIA BUILDING CODE

_ Division 5

SECTION 3105F — MOORING AND BERTHING
ANALYSIS AND DESIGN

€ 3105F.1 General.

3105F.1.1 Purpose. This Section establishes minimum standards
for safe mooring and berthing of vessels at MOTS.

3105F.1.2 Applicability. This Section applies to onshore MOTs;
Figure 31F-5-1 shows typical pier and whar[ configurations.

‘ T layout “Island wharf*
A R A AR T P Ry i
dolphin f plpelina
( i~ -Island
C— catwalk/
*L* layout "Marginal wharf"
T e
L]
—— = '
[« ]
=
“U" layout ' : *Marginal wharf™
2 e A a2 ]
——
> ——= -

FIGURE 31F-5-1—TYPICAL PIER AND WHAHF
CONFIGURATIONS

3105F.1.3 Mooring/Berthing Risk Classiﬁcation. Each MOT
shall be assigned a mooring/berthing risk classification of high,
medium or low, as determined from Table 31F-5-1 based on the
Jollowing site-specific parameters:

1. Wind

2. Current ' .

3. Hydrodynamic effects of passing vessels

4. Change in vessel drafi

" Exceedance of any of the défned condition thresholds in Table
31F-5-1places the MOT in the appropriate moormg/berthmg risk
classification,

The maximum wind, Vy, (corrected for duration, height and

over waler) and maximum cui reni, Ve, shall be obtained (see Sec-
tion 3103E5).

In order to determine if there are sigmﬁcant polential passing

vessel effects on moored vessels atan MOT, seeSection 3105F.3.2.

Therange of vessel draft shall be based on the local tidal varia-
tion and the operational limits of the vessels berthing at the MOT.

Multiple berth MOTs shall use the same conditions for each
berth unless it can be demonstrated that there are significant dif-
Jerences.

MOT5S with high mooring/berthing risk classifications (Table
31F-5-1) shall have the following equipment in operation: an

anemomeler /N/F') necurvent motor IN’IF‘/\ /mﬂ}! ho pmittad: ran I‘,.:y

factor accor dmg to Section 3103F.5.3.1 is applied to cuz Ielzt) and

remote reading tension load devices (N).

3105F.1.4 New MOTs. Quick release hooks are required at all
new MOTS, except for spring line fittings. Quick release hooks

1-294.54

shall be sized, within normal allowable stresses, for the safe work-
ing load of the largest size mooring line and configuration. To
avoid accidental release, the freeing mechanism shall be acti-
valed by a two-step process. Quick release hooks shall be insu-
lated electrically from the mooring structure, and should be
supported so as not to contact the deck. :

3105F.1.5 Analysis and Design of Mooring Components. The
existing condition of the MOT shall be used inthe mooring analy-
sis (see Section 3102F). Structural characteristics of the MOT, in-
cluding type and configuration of mooring [illings such as
bollards, bitts, hooks and capstans and material properties and
condition, shall be determined in accordance with Sections
3107F4 and 3103E.10."

The analysis and design of mooring components shall be based
on the loading combinations and safety factors defined inSections
3103F.8 through3103F.10, and inaccordancewithACI 318 [5.1],
AISC-LRFD [5.2] alzd ANSI/AF&PA NDS-1997 [5.3], asapplica-
ble. .

3105F.2 Mooring Analyses. A mooring analysis shall be per-
formed for each berthing system, to justify the safe berthing of the
various deadweight capacities of vessels expected at the MOT.
The forces acting on a moored vessel shall be determined in accor-
dance with Section 3103E5. Mooring line and breasting load
combinations shall be in accordance with Section 3103E.8.

Two procedures, manual and numerical are available for per-
forming mooring analyses. These procedures shall conform to ei-
ther the OCIMF documents, “Mooring Equipment Guidelines”
[5.4] and “Prediction of Wind and Current Loads on VL.CCs”
[3.5] or the Department of Defense “Mooring Design” document
[5.6]. The manual procedire (subsecuon 3105F.2.1) may be used
for barges

A new mooring assessment shall be performed when conditions
change, such as any modification in the mooring configuration,
vessel size or new information indicating greater wind, current or
other environmental loads.

In general, vessels shall remain in contact with the breasting or
fendering system. Vessel motion (sway) of up to 2 feet off thé
breasting structure may be allowed under the most severe environ-
mental loads, unless greater movement can be justified by an ap-
propriate mooring analysis that accounts for potential a'ynamzc
effecls The allowable movement shall be consistent with mooring
analysis results, indicating that forces in the mooring lines and
their supports are within the allowable safety factors. Also, a
check shall be made as to whether the movement is within the limi-
tations of the cargo transfer equipment.

The mosi severe combination of the environmental loads has to
be identified for each mooring component. At a minimum, the fol-
lowing conditions shall be considered:

1. Two current directions (maxzmum ebb and flood; See Sec-
tion 3103E5.3)

2. Two tide levels (highest high and lowest low)

3. Two vessel loading conditions (ballast and maximum draft
at the terminal)

4, Frnlqr wind divantis

"
wQoareciions

5 (45 degree incre
3105F.2.1 Manual Procedure. For MOTs classified as Low risk
(Table 31F-5-1), simplified calculations may be used to determine
the mooring forces, except if any of the following condilions exist
(Figures 31F-5-2 and 31F-5-3, below). -
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TABLE 31F-5-1

MOORING/BERTHING RISK CLASSIFICATION

CHAPR. 31FR DIV, 5
TABLE 31F-5-1
3105F.3.2

RISK CLASSIFICATION WIND, (Viy) (knots) CURRENT, (V, (knots) PASSING VESSEL EFFECTS CHANGE IN DRAFT (tt)
High >50 >1.5 Yes >8
Medium 30 t0 50 101w 1.5 No 608
Low <30 <1.0 No <6

1. Mooring layoul is significantly asymbzelrical

2. Horizontal mooring line angles (a)on bow and stern exceed
45 degrees-

3. Horizontal bz east mooring line angles exceed 15 normal to
the hull :

4. Horizontal spring moor mg lme angles (_xceed 10 a’egrees
Sfrom a line parallel to the hull

3. Vertical mooring line angles (8) exceed 25 degrees

6. Mooring lines for lateral loads not grouped at bow and stern

. .'/
MOORING STRUCTURE SPRING LINES

BOW, STERN, AND BREAST LINES

FIGURE 31F-5-3—VERTICAL LINE ANGLES [5.4]

When the forces have been determined and the distance be-
tweenthe bow.and stern mooring points is known, the yaw moment
can be resolved into lateral loads at the bow and stern. The total
environmental loads on a moored vessel are comprised of the lat-
the longitudinal load. Line pretension loads must be added.
Four load cases shall be considered:

1. Entire load is taken by mooring lines

2. Entire load is taken by breasting structures

3. Load is taken by combination of mooring lines and breasting
structures

4. Longitudinal load is taken only by spring lines

3105F.2.2 Nwmerical Procedure. A numerical procedure is re-

. quired to obtain mooring forces for MOTs classified as Medium or
. High (See Tuble 31F-5-1) and for those that do not salisfy the re-
- quirements for using simplified calculations. Computer pro-
- grum(s) shall be based on mooring analysis procedures that

consider the characteristics of the mooring system, calculaite the
environmental loads and provide resulting mooring line forces
and vessel motions (surge and sway).

JANUARY 31, 2005 SUPPLEMENT

eral load at the vessel bow, the lateral load al the vessel stern and

3105F.3 Wave, Passing Vessel, Seiche and Tsunami.

3105F.3.1 Wind Waves. MOTs are generally located in sheltered
waters such that typical wind waves can be assumed not (o affect
the moored vessel if the significant wave period, Ts, is less than 4
seconds. However, if the period is equal to or greater than 4 sec-
onds, then a simplified dynamic analysis (See Section 3103F.5.4)
is required. The wave period shall be established based on a
I-year significant wave height, H;. For MOTs within a harbor ba--
sin, the wave period shall be based on the locally generated waves
with relatively shori fetch.

3105F.3.2 Passing Vessels. These forces generated by passing
vessels are due o pressure gradients associated with the flow pat-
tern. These pressure g ‘adients cause the moored vessel to sway,
surge, and yaw, thus imposing forces on the mooring lines.

Passing vessel analysis shall be conducted when all of the fol-
lowing conditions exist (See Figure 31F-5-4):

1. Passing vessel size is greater than 25,000 dwt.-
2. Distance L is 500 feet or less
3. Vessel speed V is greater than Vi

WHERE:
_ L —2B
Ve =15+ m45 (kDOtS) (5-1)

EXCEPTION: IfL =< 2B, passing vessel loads shall be considered.

L and B are shown in Figure 31F-5-4, in units of feet. V is de-
fined as the speed of vessel over land minus the current velocity,
when traveling with the current, or the speed of vessel over land
plus the.current velocily, when traveling against the current.

. o ]

FIGURE 31F-5-4—PASSING VESSEL

When such _conditions (1, 2 and 3 above) exist, the surge and
sway forces and the yaw moment acting on the moored vessel
shall, as a minimum, be established in accordance with Section
3103E5.5. If the demands from such evaluation are grealer than
75 percent of the mooring system capacity (breaking strength of
mooring lines), then a more sophisticated dynamic analysis is re-
quired.

For MOTs located in ports, the passing distance, L, may be es-
tablished based on-channel width and vessel traffic patterns. The
guidelines established in the Navy's “Harbors Design Manual,”
Figure 27 [5.7] for interior channels may be used. The “vertical
bank™ in Figure 27 of [5.7] shall be replaced by the side of the
moored vessel when establishing the distance, “L ™" :
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CHAP. 31F, DIV, 5
J105F.3.2
3105F.4.3.2

For MOTs, not located within a port, the distance, “L", must be
determined from observed traffic patterns.

The following passing vessel positions shall be investigated:

1. Passing vessel is centered on the moored ship. This position
produces maximum sway force.

2. The midship of the passing vessel is fore or aft of the center-
line of the moored ship by a distance of 0.40 times the length of the
moored ship. This position is assumed to produce maximum surge
Jorce and yaw moment al the same time.

The mooring loads due to a passing vessel shall be added to the
mooting loads due to wind and current.

3105F.3.3 Seiche. A seiche analysis is )equu ed for existing
MOT located within a harbor basin and which have historically

experienced seiche. A seiche analysis is required for new MOTs -

inside a harbor basin prone to penetration of ocean waves.

The standing wave sysiem or seiche is characlerized by a series
of “nodes” and “antinodes”. Seiche typically has wave periods
ranging from 20 seconds up to several hours, with wave heights in
the range of 0.1 10 0.4 ft [5.7]. :

The following procedure may be used, as a minimum, in evalu-
ating the effects of seiche within a harbor basin. In more complex

cases where the assumptions below are not appllcable, dynamic -

methods are required.

1. Calculate the natural period of oscillation of the basin. The
basin may be idealized as rectangular, closed or open at the sea-
ward end. Use the formula provided (Eqn. 2-1, page 26.1-40) in
the Navy'’s “Harbor Design Manual” [5.7] to calculate the wave
period and length for different modes. The first three modes shall
be considered in the analysis.

2." Determine the location of the moored ship with re;spe_ct tothe
antinode and node of the first three modes to determine the possi-
bility of resonance.

3. Determine the natural period of the vessel and mooring sys-
tem. The calculation shall be based on the total mass of the system
and the stiffness of the mooring lines in surge. The surge motion of
the moored vessel is estimated by analyzing the vessel motion as a
harmonically forced linear single degree of freedom spring mass
system. Methods outlined in a paper by FA. Kllnel [5.8] can be
used to calculate the vessel motion.

4. Vessels are genemlly berthed parallel to the channel; there-
fore, only longitudinal (surge) motions shall be considered, with
the associated mooring loads in the spring lines. The loads on the
mooring lines (spring lines) are then determined from the com-
puted vessel motion and the stiffness of those mooring lines.

3105F.3.4 Tsunami. Run-up and current velocity shall be consid-
ered in the tsunami assessment. Table 31F-3-8 provides run-up
values for the San Francisco Bay area, Los Angeles/Long Beach
Harbors and Port Hiieneme.

3105F.4 Berthing Analysis and Design. In general and for new
MOT5, the fender system alone shall be designed to absorb the
berthing energy. For existing MOTS, the berthing analysis may in-
clude the fender and structure.

The analysis and design of berthing components shall be based
on theloading combinations and safety factors defined inSections
3103F.8 and 3103F.9 and in accordance with ACI 318 [5.1 1
AISC-LRFD [5.2], and ANSI/AF&FA NDS-1997 [5.3], as appii-
cable.

3105F4.1 Berthing Energy Demand. The kinétic berthing ener-
gy demand shall be determined in accordance with Section
3103F6.
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3105F4.2 Berthing Energy Capacity, For existing MOTS, the
berthing energy capacity shall be calculated us the area under the
Jorce-deflection curve for the combined structure and fender sys-
tem as indicated in Figure 31 F-5-5., Fender piles may be included
in the lateral analysis to establish the total force-deflection curve
Jor the berthing system. Load-deflection curves for other fender
types shall be obtained from manufacturer’s data. The condition of
Jenders shall be taken into account when performing the analysis.

When batter piles are present, the fender system typically ab-
sorbs most of the berthing energy. This can be established by
comparing the force-deflection curves for the fender system and
batter piles. In this case only the fender system energy absorption
shall be considered.

4 total force-deflection curve \'
for berthing system
NpFp-=—=-====--==---% "L maximumn
— ! force
li_‘ N
g equivalent
o
IE nergy
Deflection (A) o

FIGURE 31F-5-5—BERTHING ENERGY CAPACITY

3105F4.3 Tanker Contact Length.

3105F4.3.1 Continuous Fender System. A continuous fender
system consists of fender piles, chocks, wales, and rubber or
spring fender unilts.

The contact length of a ship during berthing depends on the
spacing of the fender piles and fender units, and the connection
details of the chocks and wales to the fender piles.

The contact length, L can be approximated by the chord formed

by the curvature of the bow and the berthing angle as shown in
Equation 5-2 below.

L.=2rsina (5-2)
WHERE: -
L, = contact length
r = Bow radius
a = Berthing Angle

In lieu of detailed analysis lo determine t/1e contact length,
Table 31F-5-2 nay be used. The contact length for a vessel within
the range listed in the table can be obtained by interpolation.

TABLE 31F-5-2
CONTACT LENGTH

VESSEL SIZE (dwt) CONTACT LENGTH
330 25 ft
7,000 0 2,500 35t
5,000 to 26,000 40 ft
35,000 to 50,000 50ft
65,000 60 fi
100,000 to 125,000 B 70 ft

3105F4.3.2 Discrete Fender System. For discrele fender sys-
tems (ie., not continuous), one fender unit or breasting dolphin
shall be able to absorb the entire berthing energy.
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3105F.4.4 Longitudinal and Vertical Berthing Forces. The lon-
gitudinal andvertical components of the horizontal berthing force
shall be calculated using appropriate coefficients of [riction be-

tween the vessel and the fender. In lieu of as-built data, the values

in Table 31F-5-3 may be used for typical fender/vessel materials:

TABLE 31F-5-3
COEFFICIENT OF FRICTION
CONTACT MATERIALS FRICTION COEFFICIENT
Timber to Steel 041006
Urethane 1o Steel - 0.4100.6
Steel to Steel 0.25
Rubber 1o Steel 0.6 10 0.7
UHMW* to Steel 0.1100.2

*Ultra-high molecular weight plastic rubbing strips.

Longitudinal and vertical forces shall be determined by: 4
" F=uN ' (5-3)
WHERE: ’
F

Il

longltudznal or vertical componem‘ of horizontal berth-
ing force

u = coefficient of friction of contact materials

N’ = maximum horizontal berthing force (normal to fender)

3105F4.5 Design and Selection of New Fender Systems. For
guidelines on new fender designs, refer to the Navy's “Piers and
Wharves” handbook [5.9] and the PIANC Guidelines for the De-
sign of Fenders Systems: 2002 [5.10].

3105F5 Layout of New MOTs. The number and spacing of inde-
pendent mooring dolphins and breasting dolphins depends on the
DWT and length overall (LOA) of vessels to be accommodaled.

Breasting dolphins shall be positioned adjacent to the parallel
body of the vessel when berthed. A minimum of two breasting dol-
phins shall be provided. The spacing of breastirig dolphins shall be
adequate for all sizes of vessels that may berth at the MOT.

"

Mooring dolphins shall be set back from the berthing line (fend-
er line) for a distance between 115 ftand 165 i, so that longer bow,
stern and breast lines can be deployed.

For a preliminary layout, the guidelines in the British Stan-
dards, Part 4, Section 2-[5.11], may be used in conjunction wzth
the guidelines below.

1. Iffourbreasting dolghins are provided, the spacing beiween

the maximum sized vessel expected to call at the MOT. The spac-
ing between interior b/easzzng dolphins shall be approximately
0.3 t0 0.4 LOA of the minimum sized vessel e,\pecled to call at the
MOT.

2. If only wo b)eas'lmg dolphins are plovided the.spacing be-
tween the dolphins shall be the snmllel (0.3 LOA) of the guidelines
specified above.

3. Ifbow and stern lines are used for mooring, the spacing be-
tween exterior mooring dolphins shall be 1.35 times the LOA of
the maximum sized vessel expected to call at the MOT.

4. Thespacing between interior mooring dolphins shall be 0.8
times the LOA of the maximum sized vessel expected to call at the
MOT.

The final layout of the mooring and breasting dolphins shall be
determined based on the results of the mooring analysis that pro-
vides optimal mooring line and breasting forces Jor the range of
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exterior breasting dolphins shall be between 0.3 and 0.4 LOA of -

CHAP. 31K DIV. 5
" 3105F.4.4
3105F.7

vessels to be accommodated. The breasting force under the moor-
ing condition shall not exceed the maximum fender reaction of the
Jender unit when it is being compressed at the manufacturers rated
deflection.

3105F.6 Symbols.

Berthing Angle. It also indicates the angle of horizontal

mooring lines, see Fig 5-2.

A = Deflection

0 = Vertical mooring line angles

B = Beam of vessel

F = Longitudinal or vertical component of horizontal nor-
mal berthing force

o =

1

L = Distance between passing and moored vessels
L. = Contact length

N =. Maximum horizontal berthing force

r = Bow radiis

u = Coefficient of friction of contact materials
V = Ground speed (knots)

Ve = Maximum current (knots).
Verie = Ground speed (knots) above which passing loads must
be considered
Vw = Maximum wind speed (knots)

*3105F.7 References.
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Code of Practice for Design of Fendering and Mooring
Systems”, B§6349, London, England.

Authority: Sections 8755 and 8757, Public Resources Code.
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Reference: Sections 8750, 8751, 8755 and 8757, Public Re- ¢ 1,
sources Code. &t
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CHAP. 31F DIV. 6
! 3106F
TABLE 31F-6-1

Division 6

SECTION 3106F — GEOTECHNICAL HAZARDS AND
FOUNDATIONS

3106F.1 General.

3106F.1.1 Purpose. This section provides minimum slandards
Jor analyses and evaluation of geotechnical hazards and founda-
tions.

3106F. 1 2 Applzcabtllty The requirements plowdedheleuz apply
to all new and existing MOTS.

3106F.1.3 Seismic Loading. The seismic loading for geolec/zm’-

cal hazard assessment and fozmdq[zon analyses is provided in Sec-
tion 3103F.4.

3106F.2 Site Characterization.

3106F.2.1 Site Classes. Each MOT shall be'assigned at least one
site class, based on site-specific geotechnical information. Site
Classes Sp, Sg, Sc, Sp, and Sg are defined in Table 31F-6-1 and
Site Class S is defined as follows: .

1. Soils vulnerable to significant polentml loss of slszness,'

strength andfor volume under seismic loading, such as liquefi-
ablesoils, quick and hzghlysenszttve clays, and collaps ible weakly
cemented soils.

2. Peats and]or hzglzly organic clays, where the thickness ‘of
peat or highly organic clay éxceeds 10 feet.

3. Very high plasticity clays with a plastzctty zndex (PI ) greater
than 75, where depth of clay exceeds 25 feet.

4. Verythick soft/medzum stiff clays, where the depth of clay ex-
ceeds 120 feet. .

3106F2 .2 Site-Specific Information. In general, geotechmcal
characterization shall be based on site-specific information. This
information may be obtained from existing or new sources. How-
ever, tfexisting or nonsile specific information is used, the geo-
technical engineer of record shall pl ovide adequale justification
Jor its use.

Site-specific investigations shall znclude, ala minimum, bor-
ings and/or cone penetrationtests, soil classifications, configura-
tion, foundation loading and an assessment of seismic hazards.
The array (number and depths) of exploratory borings and cone
penelration tests (CPT) will depend on the proposed or existing
structures and sile stratigraphy. The investigation or lesting activ-
ities shall be completed following the procedurés in Section 5 of

> SCEC [6.3]. CPT data may also be used by first converting to

standard penetration lest (SPT) data, using an appropriate meth-
od, that IGﬂ(.’ClS the effects of soil gradation. If geotechnical data
other than SPT and CPT are used, an adequate explanation and
rationale shall be provided.

Quantitative soil information is required (o a depth of 100 feet
below the mudline, for assigning a Site Class (see Tuble 31F-6-1).
When data to a depth of 100 [eet is unavailable, other information
such as geologic considerations may be used (o determine the Site
Class. '

3106F.3 Liquefaction. A liquefaction assessment shall address
triggering and the resulling hazards, using residual shear
strengths of liquefied soils.

3106F.3.1 Tr iggeringAsséssment.Liquefac‘tidfz triggering shall
be expressed in terms of the factor of safety (SF):

SF = CRR/CSR (6-1)
WHERE:
CRR = Cyclic Resistance Ratio .

CSR The Cyclic Siress Ratio induced by Design Peak Ground
Acceleration (DPGA) or other postulaled shaking

The CRR shall-be determined from Figure 7.1 in SCEC [6.3].If
available, both _the SPT and CPT data can be used.

CSR shall be evaluated using the simplified procedure in Sec-
tion 3106F.3.1.1 or site-specific response analysis procedures in
Section 3106F.3.1.2.

Shaking-induced shear strength reductions in liquefiable mate-
rials are determined as follows: ,

1. SF>14

Reductions of shear strength for the materials for postearth-
quake conditions may be neglected.

2. 1.0<SF<14

A strength value intermediate lo the material’s initial strength
and residual undrained shear strength should be selected based

I

i

* on the level of residual excess pore waler pressure expecled lo be

generated by the ground shaking (e.g., Figure 10 of Seed and
Harder, [6.4]).

3. SF 1.0

Reduction of the material shear strength fo a residual un-
drained shear strerigih level shall be considered, as described in
Section 3106F.3.2.

TABLE 31F-6-1

SITE CLASSES ]
) R ) R AVERAGE VALUES FOR TOP 100 FEET OF SOIL PROFILE
SOIL PROFILE NAME/GENERIC Shear Wave Velocity, Standard Penetration Undrained Shear Strength,

SITE CLASS DESCRIPTION - - Vs [ft/sec] Test [blows/f] Sy [psf]

Si” Hard Rock >5,000 — —

Sg’ Rock 2,500 10 5,000 —_ —

Sc Very Stiff/Dense Soil and Soft Rock 1,200 to 2,500 >50 >2,000

Sn StiffiDense Soil Profile 600 to 1,200 15 1050 1,000 to 2,000

Sk Soft/Loose Soil Profile <600 <15 <1,000

SF ' Defined in Section 3106F.2.1

Notes:

1.8ite Class Sy shall require site-specific geotechnical information as discussed in Sections 3106F.2.2 and 110?1'4
2.8i1e Class Sg: also includes any soil profile w 1{/1 more than 10 feet of soft clay defined as a soil with a p[asuul\ index, PI>20, water content >40 percent and

Sy < 300 psf.

3.The plastic m index, Pl, and the moisture content. slm[l he determined in accordance with ASTM D4318 [6.1] and ASTM 1)221() [6.2], respectively.
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CHAP, 31F, DIV. 6
3106F.3.1.1
3106F.4.3

3106F.3.1.1 Simplified Procedure. The simplified procedure to
evaluaie liguefaction triggering shall follow Section 7 of SCEC
[6.3]. Cyclic stress ratio (CSR) is used to define seismic loading,
in terms of the Design Peak Ground Acceleration (DPGA) and
Design Ea/lhqua/ce Magnitude (DEM). DPGA and DEM are ad-
dressed in Section 3103F4.2. CSR is defined as:

CSR = O(S(DP CA)( )(—"—) (6-2)
8 o' J\Tusk

WHERE:

g = gravitational constant

oy = the vertical total stress
o’y = the vertical ¢ffective stress

r4 = aslress reduction faclor
mse = the magnitude scaling factor

For values of rysr and ry, see SCEC [6.3] Figures 7.2 and 7.3,
respectively. To evaluale rysp Lhe DEM value associaled with
DPGA shall be used.

3106F.3.1.2 Site Specific Response Procedure. In lieu of the
simplified procedure, either one-dimensional or iwo-dimensional
sile response analysis may be performed using the ground motion
paramelters discussed in Seclion 3103F.4. The computed cyclic
stresses at various points within the pertinent soil layers shall be
expressed as values of CSR.

3106F.3.2 Residual Strength. The residual undrained shear
strength may be estimated from Figure 7.7 of SCEC [6.3]. When
necessary, a conservalive exirapolation of the range should be
made. Under no circumstances, shall the residual shear strength
be higher than the shear strength based on e[fectwe strength pa-
ramelers.

The best estimate value sh ould correspond to 1/3 from the lower
bound of the range for a given value of equivalent clean sand SPT
blowcount. When a value other than the “!J3 value? is selected for
the residual shear strength, the selection shall be justified. An al-
ternate method is provided in Stark and Mesri [6.5]. The residual
strength of liquefied soils may be obtained as a function of efféc-
tive confining pressures if a justification is provided. The resulting
residual shear strength shall be used as the postearthquake shear
strength of liquefied soils.

3106F.4 Other Geotechnical Hazards. For a SF less than 1.4, the
potential for the following hazards shall be evaluated:

1. Flow slides

2. Slope movements

3. Lateral spreading

4. Ground settlement and differential seltlement
5. Other surface manifestations

These hazards shall be evaluated, using the residual shear
strength described above (Section 3106E.3.2).

3106F4.1 Stability of Earth Structures. If a slope [ailuré could

affect the MOT, a stability analysis of slopes and earth relaining -

structures shall be performed. The analysis shall use limit equilib-
rivm methods that satisfy all of the force andfor moment equilibri-
um conditions and determine the slope stahbility safety factor

1. Slope stability safety fuctor = 1.2

Flow slides can be precluded; however, seismically induced
ground movements shall be addressed.

2. 1.0 = Slope stability safety factor < 1.2
1-294.60
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Seismically induced ground movements showld he evaluated us-
ing the methods described below.

3. Slope stability safety factor < 1.0

Mitigation measures shall be implemented per Section 3106F.6.
3106F4.2 Simplified Ground Movement Analysis. The scismi-

cally induced ground settlement may be estimated using Section
7.6 of SCEC [6.3]. Surface manifestation of liquefaction may be

“evaluated using Section 7.7 of SCEC. Resulls shall be evaluaied to

determine if mitigation measures are required.

Seismically induced deformation or displacement of slopes
shall be evaluated using the Makdisi-Seed [6.6] simplified method
as described below.

The stability analysis shall be used with the residual shear
strengths of soils to estimale the yield acceleration coefficient, Ky,

‘associated with the critical potential riovement plane. In general,

the DPGA shall be used as Kyqy (see [6.6]) and DEM as the earth-
quake magnitude, M. These paramelers shall be used logether
with the upper bound curves Figures 9 - 11 of [6.6], to estimate the
seismically induced ground movement along the critical plane.

However, the value 0f Kyyax may bedifferent from the DPGA val-

- ue to include the effects of amplification, incoherence, eic. When

such adjustments are made in converting DPGA (0 Kjyqy, a justifi-
cation shall be provided. Linear interpolation using the upper
bound curves in Figure 10 (ordinate scale should be divided by 10)
in [6.6] or Figure 4-10 in Ferritlo et al [6.7] can be used (o esti-
mate the seismically induced ground movement for other earth-

" quake magnitudes.

For screening purposes only, lateral spreading shall be evalu-
ated, using the simplified equations.in Youd et al. [6.8]. The total
seismically induced ground displacement shall include all con-
tributory directions.

1. When the resulting displacement from the screening method
is > 0.1 fi., the Makdisi-Seed simplified method or other similar
methods shall be used 1o estimate laleral spreading.

2. If the computed dzsplaccmenl from the smzplzf ed method(s)
is < 0.5ft, the effects can be neglected.

3. Ifthe computed displacements using simplified melhods are
> 0.5 ft., the use of a detailed ground movement analysis (see Sec-
tion 3106F.4.3) may be considered.

4. Ifthe f nal resulting displacemen, regaldless of the method
used, remains > 0.5 ft., it shall be considered in the structural
analysis.

3106F4.3 Detailed Ground Movement A nalysis. As an alterna-
tive to the simplified methods discussed above, a two-dimensional
(2-D) equivalent linear or nonlinear dyramic analysis of the MOT
and/or slopes and earth retaining systems may be performed.

An equivalent linear analysis is adequale when the siiffness
andfor strength of the soils involved are likely to degrade by less
than one-third, during seismic excitation of less than 0.5 g’s. Ap-

propriate time histories need to be obtained to culculate seismi-

cally induced displacement (see Section 3103E4.2). Such
analysis should account for the acéumulating effects of displace-
ment if double-integration of acceleration lime histories is used.
The seismic stresses or stress time histories from equivalent linear
analysis may be used to estimate seismically induced deforma-
lion,

A nonlinear analysis should be used if the stiffness andjor
strength of the soils involved are likely to degrade by more than

- one-third during seismic motion.

If the structure is included in the analysis, the ground motion di-
rectly affects the structural response. Otherwise, the uncoupled,
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calculated movement of the soil on l/le structure shall be evaluat-

ed.
3106F.5 Soil Structure Interaction.

3106F.5.1 Soil Parameters. Soil structure interaction (SSI) shall
be addressed for the seismic evaluation of MOT structures. SSI
may consist of linear or non-linear springs (and possibly dash-
pots) for various degrees of [reedom, mcludmg horizontal, verti-
cal, torsional, and rotational, as required by the structural
analyszs

Pile capacity parameters niay be evaluated using the proce-
dures in Chapter 4 of FEMA 356 [6.9]. The “p-y.” curves, “i-z”
curves, and tip load — displacement curves for piles (nonlinear
sprmgs for horizontal and vertical modes and nonlinear vertical
springs for the pile tip, respectively) and deep foundations shall be
evaluated using Section G of API RP 2A-LRFD [6.10] mcludmg
the consideration of pile group effects. Equivalent springs (and
dashpots) representing the degrading pr opertzes of soils may be
developed. . .

Where appropriate, alternative procea’ures can be used to de-
velop these parameters. Rationale for the use of alternative proce-
dures shall be provided. One simplified method is presented in
Chapter 5 of the Naval Design Manual 7.02 [6.11] and provides

deflection and moment for an zsalated pzle, subject to a lateral . -

load.

3106F.5.2 Shallow Foundations. Shallow foundations shall be

assumed to move with the ground. Springs and dashpots may be
evaluated as per Gazetas [6.12].

3106F.5.3 Underground Structures. Buried flexible structures
or buried portions of flexible structures including piles and pipe-
lines shall be assumed to deform with estimated ground movement
at depth. .

As the soil settles, it shall be assumed to apply shear forces to
buried structures or buried portions of structures including deep
foundations.

3106F.6 Mitigation M easures and Alternatwes If the hazards
-and consequences addressed inSections 3106F.3 and 3106F.4 are
beyond the specified range, the followzng opttons shall be consid-
ered:

1 Perform'a more sophzstzcated analysis
2. Modzjjl the structure
3. MOdlf}’ the foundation soil

Examples of possible measures to madzﬂ foundation soils are
provided in Table 4-1 of [6.7].

"3106F.7 Symbols.

SF = Safety Factor -
CRR = Cyclic Resistance Ratio .-
CSR = Cyclic Stress Ratio induced by DPGA
g = Gravitational constant
Oy = the vertical total stress
o'v = the vertical effective stress
14 = astress reduction factor
rysF = the magnitude scaling factor
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3106F.8 References.
[6.1] American Society for Testing and Materials (ASTM),

2002, “D4318-00 Standard Test Methods for Liquid .

Limit, Plastic Limit, and Plasticity Index of Soils,” West
Conshohocken, PA

American Sociely for Testing and Materials (ASTM),
2002, “D2216-98 Standard Test Method for Laboratory
Determination of Water (Moisture) Content of Soil and
Rock by Mass,” West Conshohocken, PA.

Southern California Earthquake Center (SCEC), March
1999, “Recommended Procedures for Implementation
of DMG Special Publication 117 Guidelines for Analyz-
ing and Mitigating Liquefaction in California,” Univer-
sity of Southern California, Los Angeles.

Seed, R.B. and Harder, C.E, 1999, SPT-Based Analysis
of Cyclic Pore Pressure Generation and Undrained Re-
sidual Strength, Proceedings of the H.B. Seed Memorial
Symposium, Editor: J.M. Duncan, BiTech Publishers
Lid., v. 2, pp. 351-376.

Stark, T.D., and Mesri, G., 1992, Undrained shear
strength of liquefied sands for stability analysis, Journal
of Geotechnical Engineering, American Society of Civil
Engineers, vl118, nll, pp 1727-1747.

Makdisi, F1. and Seed, H.B., “Simplified Procedure for
Estimating Dam and Embankment Earthquake-Induced
Deformations”, ASCE Journal of the Geotechnical En-
gineering Division, Vol. 104, No. 7, pp. 849-867.

- Ferritto, J., Dickenson, S., Priestley N., Werner, S., Tay-
lor, C., BurkeD., Seelig W., and Kelly, S., 1999, “Seismic
Criteria for California Marine Oil Terminals,” Vol.1
and Vol.2, Technical Report TR-2103-SHR, Naval Fa-
cilities Engineering Service Center, Port Hueneme, CA.

Youd, T. L., Hansen, C. M., and Bartlett, S. F., “Revised
MLR Equations for Predicting Lateral Spread Displace-
ment” Proceedings of the 7th U.S.-Japan Workshop on
Earthquake Resistant Design of Lifeline Facilities and
Countermeasures Against Soil Liquefaction, 1999.”

Federal Emergency Management Agency, FEMA-356,
Nov. 2000, “Prestandard and Commentary for the Seis-
mic Rehabilitation of Buildings,” Washington, D.C.

[6.10] American Petroleum Institute, July 1993, Recom-
mended Practice 2A-LRFD (API RP 2A-LRFD), “Rec-
ommended Practice for Planning, Designing and
Constructing Fixed Offshore Platforms —Load and Re-
sistance Factor Design,” Washington, D.C.

[6.11] “Foundations and Earth Structures”, Design Manual
7.02, Chapter 5, 1986, Naval Facilities Engineering
Command, Alexandria, VA.

[6.2]

[6.3]

[64]

[6.5]

' [6.6]

[6.7]

[6.8]

1691

[6.12] Gazetas, G., “Formulas and Charts for Impedances of -

Surface and Embedded Foundations”, Journal of Geo-
technical Engineering, ASCE, Vol. 11 7 No. 9, Septem—
ber;, 1991.

Authority: Sections 8755 and 8757, Public Resources Code.
Reference: Sections 8750, 8751, 8755 and 8757, Public Re-
sotirces Code.

1-294.61

>(')>ﬂ>0>O>D>O>D>()>O>O>O>O>O>O>0>O>O>O>O>O>O>O>O>O>O>O>O>0>0>0>0>0>0>0>O>G>O>O>O>O>0>ﬂ>0>0>0>ﬂ>0>0>ﬂ



PR S SO SR

S O O U S A S S Y

>O>O>O>O>()>O>O>O>O>O>0>0>0>O>0>0>0>0>0>O>O>O>O>O>0>O>O>O>O>O>.O>O>O>O>O>O>G>O>O>O>D>O>O>O>O>O>O>O>O>()>O>O>0>O>Q>O}O>O>’T>C>Q>O

CHAP. 31F, DIV. 7
3107F
TABLE 31F-7-1

SECTION 3107F — STRUCTURAL ANALYSIS AND
DESIGN OF COMPONENTS

3107F.1 General.

3107F.1.1 Purpose. This section establishes the minimum per-
Jormance standards for structural components. Evaluation proce-
dures for seismic performance, strength and deformation
characteristics of concrete, steel and timber components are pre-

presented in Section 3104F.

3107F.1.2 Applicability. This section addresses
consiructed using the following structural components:

MOTs

L. Reinforced concrete decks supported by batter alzd/or verti-
cal concrete piles

2. Reinforced concrete decks supported by batler and/or veri-
cal steel piles, including pipe piles filled with concrete

3. Reinforced cancrete decks supported by batter and/or verti-
cal timber piles

4. Timber decks supported by batter or Vertlcal timber, con-
crele or steel pzpe piles

3107F2 Concrete Deck with Concrefo or Steel Piles.

be established in order. to compute the component strength:
1. Specified concrete compressive strengths
2. Concrete and steel modulus of elasticity

3. Yield and tensile strength of mild reznforczng and pl estressed
steel and corresponding strains

4. Confinement steel strength and corresponding strnins
5. Embedment length .

6. Concrete cover

7. Yield and tensile strength of structural steel

8.- Ductility

In addition, for “existing” components, the following condi-
tions shall be considered:

9. Environmental effects, such as reinforcing steel corrosion,
concrete spalling, cracking and chemical attack

10. Fire damage

11. Past and current loading eﬁecrs, mcludmg overload fa~
tigue or fracture

12. Earthquake damage

13. Discontinuous components

scribed herein. Analytical procedures for structural systems are.

3107F.2.1 ComponentStrength. The following parameters shall

2001 CALIFORNIA BUILDING CODE

Division 7

I4. Construction deficiencies

3107F.2.1.1 Material Properties. Material properties of existing
components, not determined from testing procedures, and of new
components, shall be established using the following methodolo-
8. :

The strength of structural components shall be evaluated based
on realistic upper bound estimates of material properties, except
for nonductile components, which shall be evaluated based on de-

sign material properties. The following values shall be substifuted
(Section 5.3 of [7.1] and p. 3-73 & 3-74 of [7.2]):

Non-ductile components (shear):

fe = 10fc (7-1a)

L= 1L0fy (7-1b)

fh = 10fp" (7-1c)
Other components (moment, axial):

fe = 13f¢ (7-2a)

5 = LI (7-2b)

b= 104 . . (7-2¢c)

Capacity protected members, such as pile caps and joints (max-
imum demand):

fe = 17f¢ (7-3a)
, b o= 13f (7-3b)
b = LI ' (7-3¢c)
WHERE:
f& = Compressive strength of concrete
Jy = Yield strength of steel
Jp = Yield strength of prestress strands

“Capacity Design” (Section 5.3 of [7.1]) ensures that the
strength at protected locations are greater than the maximum fea-
sible demand, based on realistic upper bound estimates of plastic
hinge flexural strength. In addition, a series of pushover analyses
using moment curvature characteristics of pile hinges may be re-
quired.

Alternatively, if a moment-curvature analysis is performed that
takes into account the strain hardening of the steel, the demands
used to evaluate the capacity protected compornents may be esti-
mated by multiplying the moment-curvature values by 1.25.

.Based on a historical review of the building materials used in
the twentieth century, guidelines for tensile andyield properties of
‘concrete reinforcing bars and the compressive strength of struc-
tural concrete have been established (see Tables 6-1 to 6-3 of
FEMA 356 [7.3]. The values shown in these tables can be used as
default properties, only ifas-builtinformation s not available and
testing is not performed. The values in Tables 31F-7-1 and

- 31F-7-2, are adjusted according to equations (7-1) through (7-3).

TABLE 31F-7-1
COMPRESSIVE STRENGTH OF STRUCTURAL CONCRETE (psi)1
TIME FRAME PILING BEAMS SLABS
i960-18i9 2,500-3,000 2,000-3,000 1,500-3,000
1920-1949 3,000-4,000 2,000-3,000 2,000-3,000
1950-1965 4,000-5,000 3,000-4,000 3,000-4,000
1966-present 35,000-6,000 3,000-5,000 3,000-5,000

IConcrete strengths are likely to be highly variable for an older structure.
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. CHAP. 31F, DIV. 7
"TABLE 31F-7-2
: 3107F.2.3

. TABLE 31F-7-2
TENSILE AND YIELD PROPERTIES OF REINFORCING BARS FOR VARIOUS ASTM SPECIFICATIONS AND PERIODS
(after Table 6-2 of [7.3])

STRUCTURAL' | INTERMEDIATE! HARD?
GRADE 33 40 50 80 70 75

Y‘yglryg) (‘;J:rsnl) 33,000 40,000 50,000 60,000 70,000 75,000
ASTM STEEL TYPE inAG%J Telgg;;ﬂtglsp 55,000 70,000 80,000 90,000 80,000 100,000
Al5 Billet 1911-1966- X X X
Al6 Rail* 1913-1966 : X
A6 Rail? 1963-1966 i X '
Al60 Axle 1936-1964 X X X
Al60 Axle 1965-1966 : X X X X
A408 Billet 1957-1966 X X X
A431 Billet 1959-1966 X
A432 Billet 1959-1966 X '
A615 Billet 1968-1972 X X X
A6I5 Billet 1974-1986. X . X
A615 Billet 1987-1997 X X X
A616 Railt” | 1968-1997 X X
A617 Axle - | '1968-1997 X "X
A706 Low-Alloy? | 1974-1997 X
A955 Stainless 1996-1997 X X X

General Note: An entry “X” indicates that grade was avatlable in those years.

The terms structural, intermediate and hard became obsolete in 1 968.
2Actual yield and tensile strengths may exceed minimum values,

3Until about 1920, a variety of proprietary reinforcing steels were used. Yield strengths are likely to be in the range from 33,000 psi to 55,000 psi, but highervalues
are possible, Plain and twisted square bars were sometimes used between 1900 and 1949.

4Rail bars should be marked with the letter “R.”

SASTM steél is marked with the letter “W.”

3107F.2.1.2 KnawledgeFactor %). Knowledge factor, k, shall be
applied on a component basis.

Thefollowing infor mation is required, at a minimum, for acom-
ponent strength assessment:

1. Original construction records, mcludmg drawings and
specifications. :

2. A set of “as-built” drawings and/or sketches, documenting
both gravity and lateral systems (Section 3102F1.5) and any post-
construction modification data.

3. Avisual condition survey, for structural components includ-
ing identification of the size, locatton and connecttons of these
componenis.

4. Inthe absence of material properties, values from limited in-
situ testing or conservative estimates of material properties
(Tables 31F- 7-1 and 31F-7-2).

5. Assessment of component conditions, from an in-situ evalu-
ation,.including any observable deterioration.

6. Detailed geotechnical information, based on recent test
data, including risk of liquefaction, lateral spreading and slope
stability.

The knowledge factor, k, is 1.0 when comprehensive knowledge
as specified above is utilized. Otherwise, the knowledge factor
shall be 0.75. Further guidance on the determination of the ap-
propriate k value can be found in Table 2-1 of FEMA 356 [7.3].

3107F.2.2 Component Stiffness. Stiffness that takes into account
the stress and deformation levels experienced by the component
shall be used. Nonlinear load-deformation relations shall be used
lo represent the component load-deformation response. However,

in lieu of using nonlinear methods to establish the stiffness and
moment curvature relation of structural components, the equa-
tions of Table 31F-7-3 may be used to approximate the effective
elastic stiffness, EL, for lateral analyses (see Section 3107E.5 for
definition of symbols).

TABLE 31F-7-3

EFFECTIVE ELASTIC STIFFNESS

-CONCRETE COMPONENT El,/ Elg
Reinforced Pile 0.3 + NI(f cAy)
Pile/Deck Dowel Connection! 0.3 + NI(f cAg)
Prestressed Pile! 0.6< EIJEl, < 0.75
Steel Pile : 1.0
Concrete w/Steel Casing EJ. + 0.25E.I,

i ' © (Bl + Epl)

Deck 0.5
IThe pileldeck connection and prestressed pile may also be approximated as
7;162 ;r)lembel with an average stiffness of 0.42 EI.[El, (Ferritto et al, 1999
N = is the axial load level.
Es = Young’s modulus for steel
- Is = Moment of inertia for steel section
E¢ = Young’s modulus for concrete
Ic = Moment of inertia for uncracked concrete section

3107F.2.3 Deformation Capacity of Flexural Members. Stress-
strain models for confined and unconfined concrete, mild and pre-
stressed steel presented in Section 3107F.2.4 shall be used 1o
perform the moment-curvature analysis.

The stress-sirain characteristics of steel piles shall be based on
the actual steel properties. If as-built information is not available,
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3107F.2.5.3

the stress-strain relationship may be oblained per Section

3107E2.4.2.

For concrete in-filled steel piles, the stress-strain model for
confined concrete shall be in accordance with Section
3107F2.4.1.

Each structural component expected to undergo inelustic de-
Jormation shall be defined by its moment-curvature relation. The
displacement demand and capacity shall be calculated per Sec-
tions 3104F.2 and 3104F.3, as appropriate.

The momeni-rotation relalionshib Jor concrete components
shall be derived from the moment-curvature analysis per Section
3107F.2.5.4 and shall be used 1o determine lateral displacement
per Section 3107E2.7.

3107F.2.4 Stress-Strain Models.

3107F24.1 Concrete. The stress-strain model and terms for
confined and unconfined concrete are shown in Figure 31F-7-1.

A - Confined
ic‘:cncretc
'_‘_U .
g = S—
:g . :
in )
2 .
=l
2 Unconfined
5 _concrete
£
(&}
&)
& I T

T T
\Jl',' gco 28, Espnll Ece P
Compression Strain, £,

FIGURE 31F-7-1—STRESS-STRAIN CURVES FOR
CONFINED AND UNCONFINED CONCRETE [7.1]

3107F.24.2 Reinforcement Steel and Structural Steel. The
stress-strain model and terms for reinforcing and structural steel
are shown in Figure 31F-7-2. . '

£ L

Steel Stress, f

I

!

I
I I
| I
! [
[ |
| I
[ I
i !

-

i

|

|

|
&l
E’\I' €h &:[n
Steel Strain, &

FIGURE 31F-7-2—STRESS-STRAIN CURVE FOR MILD
REINFORCING STEEL OR STRUCTURAL STEEL [7.1]
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limitations of the design. Connection details shall be examined

3107F.2.4.4 Alternative Stress-Strain Models. Alternative

‘may be determined from Figure 31F-7-4 (see page 311 of [7.1]).

2001 CALIFORNIA BUILDING CODE

3107F.2.4.3 Prestressed Steel. The stress-strain model of Blake-
ley and Park [7.4] may be used for prestressed steel. The model
and terms are illustrated in Figure 31F-7-3.

Epn Fep
Strain (g)

€=0.01

Atz

FIGURE 31F-7-3—STRESS-STRAIN CURVE FOR
PRESTRESSED STEEL [7.4]

stress-strain models are acceptable if adequalely documented and
supported by test results, subject to Division approval.

3107F.2.5 Concrete Piles.

3107F2.5.1 General. Thecapacity of concrete piles is based on
permissible concrete and steel strains corresponding lo the de-
sired performance criteria.

- Different values may apply for plastic hinges forming at in-
ground and pile-top locations. These procedures are applicable to
circular, octagonal, rectangular and square pile crass sections.

3107F2.5.2 Stability, Stability considerations are important to
pier-type structures. The moment-axial load interaction shall con-
sider effects of high slenderness ratios (klfr). An additional bend-
ing moment due to axial load eccentricity shall be incorporated
unless:

e/h < 0.10 (7-4)
WHERE:
e = eccentricity of axial load
h = width of pile in considered direction

3107F.2.5.3 Plastic Hinge Length. The plastic hinge length is re-
quired to cohvert the moment-curvature relationship into a mo-
ment-plastic rotation relationship for the nonlinear pushover
analysis. ’ _ :
The pile’s plastic hinge length, L, (above ground), when the
plastic hinge forms against a supporting member is:
_ Ly = 0.08L + 0.15 fedp; =0.3 fedpy (7-5)
WHERE: ‘
L the distance from the critical section of the plastic hinge
to the point of contraflexure
the diameter of the longitudinal reinforcement

design yield strength of longitudinal reinforcement (ksi)

11}

dy!

Jye

if a large reduction in moment capacity occurs due to spalling,
then the plastic hinge length shall be:

| Lp =03 fedy (7-6)

When the plastic hinge forms in-ground, the plastic hinge length

1}
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H = distance from ground to
pile point of contraflexure
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FIGURE 31F-7-4—INFLUENCE OF PILE/SOIL STIFFNESS

RATIO ON PLASTIC HINGE LENGTH
(after Fig. 5.30 of [7.1])

The stiffness parameter (x-axis) is:

D o,
WHERE: '
El, = the e)ffectzve stz,ffness
K = the subgrade modulus
D = pile diameter h
D* = reference diameter of 6 ft

If site specific soil information is not available then the values
far K in Table 31F-7-4 may be used.
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TABLE 31F-74
SUBGRADE MODULUS K
AVG
UNDRAINED
SHEAR SUBGRADE
STRENGTH MODULUS K
SOIL TYPE Ipst] fibfind
Soft Clay 250-500 30 .
Medium Clay 500-1000. 100 .
Stiff Clay 1000-2000 500
Very Stiff Clay 2000-4000 | 1000
Hard Clay 4000-8000 2000
Loose Sand (above WT/submerged) — 25/20
Medium Sand (above WT/submerged) — 90/60
 Dense Sand (above WT/submerged) — 275/125

3107F.2.5.4 Plastic Rotation. The plastic rotation, 8p, can be de-
termined from Equation 7-8, by using moment-curvature analysis
and applicable strain limitations, as shown in Figure 31F-7-3.

The plastic rotation is:

6 =Lpty =Ly (4 - $)

WHERE:

L, = plastic hinge length
¢p = plastic curvature '
$m = maximum curvature
¢y = yield curvature

JANITIARY 31. 20058 SIIPPI FMFNT
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FIGURE 31F-74
3107F.2.5.6

The maximum curvature, ¢, shall be determined by the con-
crete or steel strain limit state al the prescribed performance level,
whichever comes first.

Secant stiffness
/"‘ through first yield

T i Nominal strength taken

/at €, =0.004

First yield or
€,=0.002, whichever
comes first

A

Plastic Curvature

FIGURE 31F-7-5—MOMENT CURVATURE ANALYSIS

Alternatively, the maximum curvature, gy, maj) be calculated
as: :

[ cm

bm = E. (7-9)
WHERE:
&m = maxlimiting compression strain for tht; prescribed per-
formance level (Table 31F-7-5)
¢y = neutral-axis depth, at ullimate strength of section

Theyield curvature, ¢ is the curvature at the intersection of the
secant stiffness, EI., through first yield and the nominal strength,

(&= 0.004)

M,
¢y EI
3107F.2.5.5 Ultimate Concrete and Steel Flexural Strains.

Strain values computed in the nonlinear pushover analysis shall
be compared to the following limits for flexure:

3107F.2.5.5.1 Unconfined concrete piles: An unconfined con-
crete pile is defined as a pile having no confinement steel or one in
which the spacing of the confinement steel exceeds 12 inches.

" (7-10)

Ultimate concrete compressive sirain:

&y =0.005 < (7-11)
3107F.2.5.5.2 Confined concrete piles: ‘
Ultimate concrete compressive strain [7.1]:
gy = 0.004 + (L4afnesm)f e = 0.005 (7-12)
gy < 0.035
WHERE:
o = effective volume ratio of confining steel
fin = yield stress of confining steel
g&m = strainal peakstress of confining reinforcement, 0.15 for
grade 40, 0.12 for grade 60 and 0.10 for A82 grade 70
plain spiral
fée = confined sirengih of concrete approximated by 1.5 [ ¢

3107F.2.5.6 Component Acceptance/Damage Criteria. The
maximum allowable concrete sirains may not exceed the ultimate
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FIGURE 31F-7-6

values defined in Section 3107F.2.5.5. The following limiting val-
ues (Table 31F-7-5) apply for each performance level for botl ex-
isting and new structures, The “Level I or 2" refer (o the seismic
performunce criteria (see Section 3104F.2.1).

Forall nonseismic loading combinations, concrete components
shall be designed in accordance with the ACI requirements [7.5].

Note that for existing facilities, the pile/deck hinge may be con-
trolled by the capacity of dowel reinforcement in accordance with
Section 317F2.7.

TABLE 31F-7-5
‘ LIMITS OF STRAIN
COMPONENT STRAIN LEVEL 1 LEVEL 2
MCCS & < 0.005 & <0025
Pileldeck hinge ’
Mccs & < 0.005 & < 0.008
In-ground hinge
MRSTS & <001 g <005
MPSTS = 0.005 & = 0.04
In-ground hinge (incremental) - (total strain)

MCCS = Maximum Coricrete Compression Strain, &
MRSTS = Maximum Reinforcing Stéel Tension Strain, &
MPSTS = Maximum Prestressing Steel Tension Strain, &

3107F.2.5.7 Shear Capacity (Strength). Shear strength shall be
based on nominal material strengths, and reduction factors ac-
cording to ACI-318 [7.5].

To account for material strength uncertainties, maximum shear
demand, Vyyay, pust, established from nonlinear pushover analyses

2001 CALIFORNIA BUILDING CODE

If moment curvatwre analysis that takes into account strain-

hardening, an uncertainty factor of 1.25 may be used:
Vzlesigu =125 Vnm.\'.puslx (7-14)

If'the Juctors defined in Section 31F-7.2.1.1 are used, the ubove
uncertainty factors need not be applied,

As an alternative, the method of Kowalski and Priestley [7.7]
may be used, This is based on a three-parameter model with sepa-

“rate contributions to shear strength from concrete (V, ), lransverse

reinforcement (Vs), and axial load (V,) to obtain nominal shear
strength (V,): .
Vi=Ve+ Vi + Y, (7-15)
A shear strength reduction factor of 0.85 shall be applied 10 the
nominal strength, V,, lo determine the design shear strength.
Therefore:

‘ Vdesign =085V, (7-16)

The equations lo determine V,, V; and Vp are:

Ve =k /fiA, (7-17)

WHERE : '
factor dependent on the curvature - ductility
Wy = - within the plastzc hinge region, from Fzgure

by
31F-7-6. For regzons greater than 2D, (see eqn. 7-18)

from the plasz‘zc hinge location, the stlength can be
based on uy = 1.0 (see Ferritto et. al. [7.2]).

0 2 4 6 8
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shall be multiplied py 1.4 (Section 8.16.4.4.2 of ATC-32 [7.6]): Fi = concrete compressive strength
Vdesign = 1-4Vnax,push - (7-13) Ae = 0.8Ag is the effective shear area
0.35 t = l l A
. ) K  SY units/ US ynits -
.Curvaturc Biaxial Ductility Uniaxial Ductility
- Ductility | Assessment Pesign. | Asyessment Design -
s34 Factor : i
1 0.29 /3.5 0.25/3.0 0.29/3.5 0.25/ 3.0
3 . 0.29/3.5 0.25/3.0
§ 0.1/12 0.083/1.0 | - -
0.25 \ 7 0i/L2 | 0.08371.0 |— 3.0
* R 13 0.05/0.6_| 0.042/0.5 .
. N 15 0.05/0.6 | 0.042705
0.2 4— . | | =
o ~ . ' g
= R Vo=ka/fE Ae e
bt \ . .
|
* 045 \ iaxia |
Bi -~~~ Des Lgn
I
: -—]——-Ass bssment
0.1 1.2
0.083 — 55“55\\; —1.0
P e 6
ob83 1= N T T
]
10 12 14 16 18 20

Curvature Ductility Factor

FIGURE 31F-7-6—~CONCRETE SHEAR MECHANISM
(from Fig. 3-30 of [7.2])
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2001 CALIFORNIA BUILDING CODE ' ' FIGURE 31F-7-7
' TABLE 31F-7-6

L ¢ Circular spirals or hoops [7.2]:

L C .

C a V. = %A,rnf,.,,(D,, — ¢ = ¢,) cot(f) (7-18) Deck|Pile Hinge

L AL s S - ,

C C —p V=0(N+ ) tan o
L A WHERE: ’

L § Asp = spiral or hoop cross section area

5 §  fn = yield strength of transverse or hoop reinforcement :

C g D, = pile diameter or gross depth (in case of a rectangular —N,+ F, Compression force

C A pile with spiral confinement)

E A c = depth from extreme compression fiber (0 neutral axis !

L& (N.A.) at flexural strength (see Fig. 31F-7-7)

L & ¢, = concrete cover to center of hoop or spiral (see Fig.

A § 31F-7-7) :

" ¢ 8 = angle of critical crack to the pile axis (see Fig. 31F-7-7)

L C taken as 30° for existing structures, and 35 °for new de-

= sign o - TR

C g s = spacing of hoops or spiral algng the pile axis

: é . .

L A T N.A. )

L ¢ YoAe

L % \ - - Vs

2 g . : - In ground hinge

A ; ] ‘

4 s . -

_ § \ . : FIGURE 31F-7-8—AXIAL FORCE SHEAR MECHANISM

» ¢ N . .

L ¢y —< . _p1° 3107F.2.6 Steel Piles.

L C = ——5r !

- & , Sf'/ e 3107F.2.6.1 General. The capacity of steel piles is based on al-
- A S o lowable strains corresponding to the desired performance criteria
- A : ' and design earthquake. _

L A - ; -

- g 3107F.2.6.2 Stability. Section 3102F.2.5.2 applies to steel piles.
LA : : N 2 3107F.2.6.3 Plastic Hinge Length. The plastic hinge length de-
- A \-__/<_/ o pends on the section shape and the slope of the moment diagram in
L A __,co!.—, : —-l c | the vicinity of the plastic hinge.

¢ 8 ) For plastic hinges forming in steel piles at the deck/pile inter-
- o face and where the hinge forms in the steel section rather than ina
- 2 FIGURE 31F-7-7—TRANSVERSE SHEAR MECHANISM special connection detail (such as a reinforced concrete dowel
- 2 connection), allowance should be made for strain penetration into
L A . = the pile cap. This increase may be taken as 0.25D,, where D, is the
:_ A Rectangular hoops or spirals [7.2]: pile diameter or pile depth in ihe direction of the applied shear
- ¢ _Afu(D, = ¢ = ¢,) cot(6) force.. -

e V= 5 (7-19)  3107F.2.6.4 Ultimate Flexural Strain Capacity. The following
; ¢ WHERE: , , limiting value applies:

» g Ay = total area of transverse reinforcement, parallel to direc- Strain at extreme-fiber, g < 0.035

L A tion of applied shear cut by an inclined shear crack 3107F.2.6.5 Component Acceptance/Damage Criteria. The
L A Shear strength from axial mechanism, V, (see Fig. 31F-7-8): maximum allowable strain may not exceed the ultimate value de-
E X ' i fined in Section 3107F2.6.4. Table 31F-7-6 ides limiti.

’ ned in Section 12.6.4. Table -7-6 provides limiting
» g V, = &N, + Fp)tana (7-20) strain values for each performance level, for both new and exist-
E 4 WHERE: ing structures.

& N, = external axial compression on pile including seismic Steel components for all nonseismic loading combinations shall
C § " load. Compression is taken as posilive; lension as nega- be designed in accordance with AISC-LRFD [7.8].

C tiv

-5 ¢ _ o : TABLE 31F-7-6

L € F, = presiress compressive force in pile STRUCTURAL STEEL STRAIN LIMITS, &

- S . a. = angle between line joining centers of flexural compres- COMPONENTS LEVEL 1 LEVELZ

- ¢ sion in the deck/pile and in-ground hinges, and the pile Councrete Filled Pipe 0.008 0.030

- S axis ' B Hollow Pipe. 0.008 0.025

F X @ =10 Jor existing structures, and 0.85 for new design Level 1 or 2 refer to the seismic performance criteria (Section 3104F.2.1)
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CHAP,. 31R DIV. 7
3107F.2.6.6
FIGURE 31F-7-11

3107F.2.6.6 Shear Capacity (Strength). The procedures of Sec-
tion 3107F.2.3.7 1o establish Vyesigy are applicable 1o steel piles
(Equations 7-13 and 7-14). If the fuctors defined in Section
3107F2.1.1 are used, the knowledge fuctor need not be applied.

The shear capacity shall be established from the AISC-LRED
[7. b/ For concrete filled pipe, equation 7-15 may be used (o de-
termine shear capacity; however, Ve must be substituted for Vs.
It thus becomes: .

V.s'lu'll = (‘77:/ 2)t.f\t.\-lwll (DIJ -Cc - C") cot 9 (7'21)
WHERE:
t'= shell thickness
Sishelt = yield strength of steel shell
Co = outside of steel pipe to center of hoop or spual
(All other terms are as listed for equation 7-18).
3107F.2.7 Pile/[Deck Connection Strength.

3107F.2.7.1 JointShear Capacity. The joint shear capacity shall
be computed in accordance with ACI 318 [7.5]. For exzstuzg
MOTs, the method [7.1, 7.2] gwen below may be used: -

1. Determine the nominal shear stress in the joint region corre-
sponding to the pile plasuc moment capacity.

L
: l ‘/‘—Z-ldvD%
WHERE:

vj = Nominal shear stress

M, = Overstrength moment of the plastic hinge (the maximum
possible moment in the pile) as determined from a push-
over analysis at displacements corresponding to the
damage control limit state (1.25 M,, when established
from moment curvature and 1.3 and 1.1 over-strength
factors are applied to f ¢ and f;, respectively, 1.4 other-
wise.)

= Vertical development length, see Figure 31F—7 9

Diameter of pile

A DF
lva' klcxv

FIGURE 31F-7-9—DEVELOPMENT LENGTH

2. Determine the nomma[ principal tension pt, stress in the
jomt region:

2

(7-23)

3
Q)
&

- JAVT
Ja= (Dp + hy)?
is the average compressive stress at the joint center caused by the
pile axial compressive force N and hy is the deck depth. Note, if the

\ pileis subjected lo axial tension under seismic load, the value of N,
and f; will be negalive.

(7-24)

1-9294 AR
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—

Ifpe >5.0if7 psi, joint failure will occur at a lower moment
than the column plastic moment capacity My. In this case, the
maximum moment that can be developed at the pileldeck interface
will be limited by the joint principal tension stress capacity, which
will continue to degrade as the joint rotation increases, as shown
in Figure 31F-7-10. The moment capacity of the connection at
which joint failure initiates can be established from equations
7-26 and 7-27.

50  SROSTTmmmemmmmmemme e 0.42
= g
N B e G R 0.29 %
l';" — Tlointand knee l\“::
~Z joint opening ~
= moment =

£ knes Joint
closing
maoment

|
i
i
]
[}
I,
!
I
1
1
1

0.04

0.01
Joint Shear Strain (radlians)

0 00015 0. 0007

FIGURE 31F-7-10—DEGRADATION OF EFFECTIVE
PRINCIPAL TENSION STRENGTH WITH JOINT SHEAR
.- - STRAIN (rotation) [7.1, pg. 564]

For p; =

5.0 )f: , determine the corresponding joint shear
stress, Vil .

= Jp.(p.— f2) (7-25)

3. Themoment capaczry of the connection can be approximated
as:

M, = (i) J/2v;1,D% < M, (7-26)

This will result in a reduced strength and effective stiffness for
the pile in'a pushover analysis. The maximum displacement ca-
pacity of the pile should be based on a drifi angle of 0.04 radians.

Ifnomechanisms are available to provide residual strength, the
moment capacity will decrease to zero as the joint shear strain in-
creases to 0.04 radians, as shown in Figure 31F-7-11,

Pile Moment

Y

Rotation

FIGURE 31F-7-11—REDUCED PILE MOMENT CAPACITY

If deck stirrups are present within ha/2 of the face of the pile, the
moment capacity, M, at the maximum plastic rotation of 0.04 ra-
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dians may be increased [rom zero to the following (see Figure
31F-7-12):

M., = 24,fi(h, — do) + N(‘%ﬁ —d) (7-27)

ment

In adﬂz’tion, the bottom deck steel (As, deckbottom) area within
ha/2 of the face of the pile shall satisfy: '

-A:. dt:ckl{r)lmm =05 'A.r ) (7'28)

Pile Moment

¥

0.000 " 0.04
0007, Rotation (radians)

FIGUHE 31F-7-12—-JOINT ROTATION

4. Using the same zmtzal stlﬂ'ness asin Sectzon 3107E 2 5 4, the
moment-curvature relationship established for the pile top can
now be adjusted to account for the joint degradation.

.The adjusted yield curvature, @, , can be found from:

by — M,
Mn is defined itz Figure 3ZF-7-5.

The plast;c curvature, ¢, correspondmg toa ]omt rotation of
0.04 can be calculated as:

_ 0.04 A
¢p = i, (7-30)
Where Ly, is given by equation 7-5.

The adjusted ultimate curvature, ¢y, , can now be calculated as:

¢y

i =¢p T (7-31)

Note that M, , = 0 unless deck stirrups are present as discussed
above. E: \anzples of adjusted moment curvature relauons/ups are
shown in Figure 31F-7-13.

JANUARY 31, 2005 SUPPLEMENT

A; = Area of slab stirrups on one side of joint
hq = See Figure 31F-7-9 (deck thickness)
d. = Depth fromedge of concrele to center of main reinforce- '

= ?_"Aﬁ . (7-29)

- CHAP. 31F, DIV. 7

F— pile

3107F2.7.1
3107F2.8.1

— ’7 pile and joint

— N
& s, /
g S
Q k3
= AN
2 N,
o S !
N \\.
N
.‘\
TN
N
. . \\\
1 s
: Curvature

' FIGURE 31F-7-13—EQUIVALENT PILE CURVATURE

is: A
I = 0.025-d, " fre |
Fi
WHERE:
dy = dowel bar diameter
- Jye = expected yield strength of dowel
fe¢ = compressive strength of concrete

. 3107F.2.7.2 Development Length. The development length, I,

(7-32)

In assessing existing details, actual or estimated values for fye
and f; rather than nominal strength should be used in accor-

dance with Section 3107F.2.1.1.

When the development length is less than that calculated by the
equation 7-32, the moment capacity shall be calculated using a
proportionately reduced yield strength, fye », for the vertical pile

reinforcement:
f;re r f:vt 1
. de
WHERE:
ly = actual development lengﬂz
Jye = expected yield strength of dowel
3107F.2.8 Batter Piles.

(7-33)

. 3107F.2.8.1 Existing Ordinary Batter Piles. Wharves or piers

with ordinary (not fused, plugged or having a seismic release
mechanism) batter piles typically have a very stiff response when
subjected to lateral loads in the direction of the batter. The struc-
ture often maintains most of its initial stiffness all the way to fail-

. ureof the first row of batter pzles Since batter piles most likely will

fail under a Level 2 seismic event, the following method may be
used to evaluale the post-failure behavior of the wharf or pier:

1. Identify the failure mechanism of the batter pile-deck con-
nection (refer to Section 3104F.4.7) for typical failure scenarios)

and the corresponding lateral displacement.

2. Release the lateral load between the batter pile and the deck

when the lateral failure displacement is reached.

1-294.69
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CHAP. 31F, DIV. 7
3107F.2.8.1
3107F.3.1

3. Push on the structure until subsequent failure(s) have been
identified.

As an example, following these steps will result in a fo:ce 2dis-
placement (pushover) curve similar to the one shown in Figure
31F-7-14 for a wharf supported by one row of batter piles.

A

4_’(——— batter piles fail -

7/
2

Ve
Kinital
/

Force

.
-~
DlsplaCement

FIGUF{E 31F-7-14—PUSHOVER CURVE FOR ORDINARY
BATTER PILES

When the row of batter piles fail in tension or shear, stored ener-
gy will be released. The stricture will therefore experience a later-

the structure can respond to this displacement demand without ex-
ceeding other structiral limitations, it may be assumed that the
structure is stable and will start to respond to further shaking with
a much longer period and corresponding lower seismic demands.
The wharf structure may therefore be able to sustain larger seis-
mic demands following the loss of the batter piles than before the
loss of pile capacity, because of a much softer seismic response.

The area under the pushover curve before the batter pile fail-
ures is compared to the equivalent area under the post failure
pushover curve (refer to Figure 31F-7-14). If no other structural
limitations are reached with the new displacement demand, it is
assumed that the structure is capable of absorbing the energy. It
should be noted that even though the shear failure is nonductile, it

crease during the damage of the piles. The above method i is, there-
fore, considered conservative. .

Following the shear failure of a batter pile row, the period of the
structure increases such that equal displacement can be assumed
when estimating the post-failure displacement demand. The new
period may be estimated from the initial stiffness of the post-fail-
ure system as shown in Figure 31F-7-14. A new displacement de-
mand can then be calculated in accordance with Section 3104F.2.

3107F.2.8.2 Non-ordinary Batter Piles. For the case of a
plugged batter pile system, an appropriate displacement force
relationship considering plug friction may be used in modeling the
structural system.

For fused and seismic release mechanism batter pile systems, a
nonlinear modeling procedure shall be used and peer reviewed
(Section 3101F.6.1).

1-294.70

al displacement demand following the nonductile pile failures. If -

is expected that energy will be absorbed and the damping will in-
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3107F.2.9 Concrete Pile Caps with Concrete Deck.

3107F.2.9.1 General. The moment-curvature and moment-rota-
tion relationships shall be computed for pile caps using the meth-
odology previously described. When the deck and the pile cap
behave monolithically, an appropriate width of the deck may be
included as part of the pile cap cross-section as per ACI-318 [7.5].
3107F.2.9.2 Plastic Hinge Length. The plastic hinge lenigth Lp,
Jor existing pile caps may be taken as:
_ Lp =0.5D,
where D, is the pile cap depth.
3107F.2.9.3 Ultimate Concrete and Steel Flexural Strains, The
ultimate strain limits defined in Section 3107F.2.5.5 shall also ap-
ply 1o pile caps and deck.
All concrete shall be treated as unconfined concrete unless it
can be demonstrated that adequate confinement steel is present,

(7-34)

3107F.2.94 ComponeutAcéeptance/Damage Criteria. For new
pile caps and deck, Level 1.seismic performance shall utilize the

* design methods in ACI-318 [7.5]; Level 2 seismic performance
shall be limited to the following strains:

Decklpile cap: & < 0.005
& < 001

. For existing pile caps and deck, the limiting strain values are
defined in Table 31F-7-5.

Concrete components for all nonseismic loading combinations
shall be designed. in accordance with ACI 318 [7.5].

Reinforcing steel tension strain;

.3107F.2.9.5 Shear Capacity (Strength). Shear capacily shall be

based on nominal material sirengths; reduction factors shall be in
accordance with ACI 318 [7.5].

3107F.2.10 Concrete Detailing. For new MOZTS, the required de-
velopment splice length, cover and detailing shall conform to ACI
318 [7.5], with the following exceptions:

1. For pile/deck dowels, the development length may be calcu-
lated in accordance with Section 3107F.2.7.2.

2. The minimum concrete cover for prestressed concrete piles
shall be three inches, unless corrosion inhibitors are used, in
which case a cover of two-and-one-half inches is acceptable.

3. Theminimum concrete cover for wharfbeams and slabs, and
all concrete placed against soil shall be three inches, except for
headed reinforcing bars (pile dowels or shear stirrups) the cover
may be reduced to two-and-one-half inch cover at the lop surface
only. If corrosion inhibitors are used, a cover of two-and-one-half
inches is acceptable.

3107F.3 Timber Piles and Deck Components.

3107F.3.1 ComponentStrength. The following parameters shall
be established in order to assess component strength:

New and existing components:

1. Modulus of rupture

2. Modulus of elasticity

3. Type and grade of timber

Existing components only:

1. Original cross-section shape and physical dimensions
2. Location and dimension of braced [rames

3. Current physical condition of members including visible de-
formation

4. Degradation may include environmental effects (e.g., decay,
splitting, fire damage, biological and chemical attack) including
its effect on the moment of inertia, I
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5. Loading and displacement effects (e.g., overload, damage
from earthquakes, crushing and twisting).

Section 3104F.2.2 discusses existing material properties. At a
minimum, the type and grade of wood shall be established. The
published stress values in the ANSIIAF&PA NDS [7.9] may be
used as default values and shall be multiplied by a factor of 2.8 to
conver! from allowable stress levels to yield or ultimate values for
seismic loading.

For deck components, the allowable stresses shall be limited to
the values published in the ANSI/AF&PA NDS [7.9] increased by
a factor of 2.0. Piling deformation limits shall be calculated based
on the strain limits in accordance with Section 3107F.3.3.3.

.The values shown in the ANSI/AF&PA NDS [7.9] are not devel-
oped specifically for MOTs and can be used as default properties
only if as-buill information is not available, the member is not
damaged and testing is not performed. To account for the inherent
uncertainty in establishing component capacilies for existing
structures with limited knowledge about the actual material prop-
erttes, a reduction (knowledge) factor of k = 0.75 shall be included
in the component strength and deformation capacity analyses in
accordance with Section 3107F2.1.2.

The modulus of elasticity shall be based on tests or the ANSI/
AF&PA NDS [7.9]. Alternatively the values shown in Table
31F-7-7 may be used for typical timber piles:

TABLE 31F-7-7

3107F.3.2 Deformation Capacity of Flexural Members. The
displacement demand and capacity of existing ttmber structures
may be established per Section 3104F.2.

The soil spring requirements for the lateral pile analysis shall
be in accordance with Section 3106F;

A linear curvature distribution may be assumed along the full
length of a tzmber pile.

The dzsplacement capacity of a timber pile can then be estab-
lished per Section 3107F.3.3.2.

3107F.3.3 Timber Ptles

3107F.3.3.1 Stability. Seclton 3107F.2.5.2 shall apply to timber
piles.

3107F.3.3.2 Displacement Capacity. A distinction shall be made
between a pier-type pile, with a long unsupported length and a
wharf-landside-type pile with a short unsupported length between
the deck and soil. The effective length, L, is the distance between
the pinned deck/pile connection and in-ground fixity as shown in
Figure 31F-7-15. For pier-type (long unsupported length) verti-
cal piles, two simplified procedures (o deiermine fixity or dis-
placement capacity are described in MIL-HDBK-1025/6 [7.10]
or the Navy Design Manual 7.02 [7.11], respectively.
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MODULUS OF ELASTICITY (E) FOR TYPICAL TIMBER PILES -
" SPECIES E (psl)
Pacific Coast Douglas Fir 1,500,000
Red Oak . 1,250,000
Red Pine 1,280,000
Southern Pine 1,500,000

- ' CHAP. 31F, DIV, 7
3107F.3.1
3107F.3.3.3

"~ Pinned Pile-Deck Gonneation

///‘Q;l/l/
f Assumed In-Ground Fixity

V=74

FIGURE 31F-7-15—ASSUMED IN-GROUND FIXITY

Inorder to determine fixity in soft sozls another alternative i is fo
use Table 31F-7-8.

The displacement capacity, 4, for a ptle pinned at the top, with
effective length, L, and moment, M, using Table 31F-7-8 or MIL-
HDBK-1025/6 [7.10] is:

_ ML?

. 35T (7-35)
WHERE: :
E = Modulus of elasticity
I = Moment of inertia

Assuming linear curvature distribution along.the pile, the al-
lowable curvature, ¢y, can be established from:

| b =2 (7-36)
WHERE:

& = allowable strain limit according to Section 3107E3.3.3

¢, = distance to neutral axis which can be taken as Dy/2,

where Dy, is the diameter of the pile
The curvature is defined as:

M
¢ =4 (7:37)
T he maximum allowable moment therefore becomes:
_ 2g,
| M= D, ET (7-38)
The displacement capacity is therefore given by:
_2g,L2 .
4= D, (7-39)

TABLE 31F-7-8-
DISTANCE BELOW GROUND TO POINT OF FIXITY

. . LOOSE GRANULAR &
PILE El, SOFT CLAYS MEDIUM CLAYS
<101 1p in? 10 feet 8 feet
> 1019 1b in? 12 feet 10 feet

3107F.3.3.3 Component Acceptance/Damage Criteria. The fol-
lowing limiting strain values apply Jor each seismic performance
level for existing structures:
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CHAP. 31F, DIV. 7 ' -

3107F.3.3.3 _ 2001 CALIFORNIA BUILDING CODE
3107F.5 ' . .
TABLE 31F-7-9 to the deck shall be established in accordance with AISC [7.8], .
LIMITING STRAIN VALUES FOR TIMBER . ACI-318 [7.5], ANSIIAF&PA NDS [7.9] as appropriate. The :
EARTHQUAKE LEVEL WIAX. TIMBER STRAIN mooring component capacity may be governed by the strength of
., . the deck material. Therefore, a check of the deck capacity to with-
Level | 0.004 .
Lovel 2 0.008 stand mooring component loads shall be performed.
evel 4 X

3107F.5 Symbols.

A, = Effective shear area

Alternatively, ANSI/AF&PA NDS [7.9] may be used. .
Ag = Uncracked, gross section area

Timber components for all nonseismic loading combinations

shall be designed in accordance with ANSIAF&EA NDS [7.9]. Ap, = Tolalarea of transverse reinforcemnent, payallel to di-
. rection of applied shear cut by an inclined shear
3107F.3.3.4 Shear Capacity To account for material strength crack
uncertainties, the maxinum shear demand, Vipax, push, established As = Area of reinforcing steel
[from the single pile lateral analysis shall be muﬁzplied by 1.2: A ; Spir o .
o sp = Spiral or hoop cross section area
Vetesign = 1. zvmax,pusll (7-40) ¢ = Depthfromextreme compression fiber to neutral axis
The maximum shear stress Ty, in a circular pile can then be at flexural strength
determined: S ¢, = Outside of steel pipe to center of hoop or spiral or
10 Vinaepusi ' ' concrete cover to center of hoop or spiral
T = 10 7 mavpush . (7_ 41 ) - Val §
‘ mx = g T2 . A ¢ = Valueofneutral axisdepth at ultimate strength of sec

WHERE: _ fion

D = Pile diameter
D* = Reference diameter of 6 [t
" dy = Dowel bar diameter

r = radius of pile

For the seismic load combinations, the maximum allowable
shear stress, rc;,{,ac,,y, is the design shear strength, 7 design, from

the ANSI/AF NDS [7.9] multiplied by a factor of2.8. - d. = Depth from edge of concrete to center of 1emforce-
: Teavacity = 2874 (742) ment ‘
, capaclly = &:"bdesign . dp; = Diameter of the longitudinal reinforcement
The shear capacity must be greater than the maximum demand.. ;
- D, = Depth of pile cap
3107F4 Mooring and Berthing Components. Mooring compo- " Dy = Pilediameter or gross depth (in case of a rectangular
nents include bitts; bollards, cleats, pelican hooks, capstans, - pile with spiral confinement) _

mooring dolphins and quick release hooks. e = Eccentricity of axial load

Berthing components include fender piles and fenders, which & = Allowable strain limit
may be camels, fender panels, or wales. - . -
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y Eem = Max extreme fiber compression strain
Applicable safety factors to be applied to the demand are pro- 6ox = Ultimate concreté compressive strain
vided in Section 3103F.10. , - . .
. &m = Strain at peak stress of confining reinforcement
31 07E4.1' CortzponentStrength. The followmg parameters shall &, = Ultimate steel strain
be established in order to calculate component strength: ..
- . E = Modulus of elasticity

New and existing components: . = Concrele compression strength

1. Yield and tensile stf'ength of structural steel o "= Confined strength of concrete

2. Structural steel modulus ofe{asticit)f . Fp = Prestress compression force in pile

3. Yield and tensile strength of bolls Jp = Yield strength of prestress strands

4. Concrete infill compressive strength fy = VYield strength of steel , S

5. Concrele infill modulus of elasticity fye = ?Eﬁgn Y if;zss.)trength of longitudinal or dowel rein-

. ’ o . ‘ orcement (ksi

Addztzonle. pai amet?r.? for w.czslmg conlzponents. . £ = Yield stress of confining steel

1. Condition of steel including corrosion | i = Yield strength of transverse or hoop reinforcement

2, Effective cross-sectional areas - . Jushelt = Yield strength of steel shell .

3. Condition of embedment material such as concrete slab or Jye,r = Reduced dowel yield strength \

[ " o . . . . o

timber deck . h = Width of pile in considered direction
3107F.4.2 Mooring and Berthing Component Demand. The hqg = Deck depth
maximum mooring line forces (demand) shall be established per H = Distance from ground to pile point of contraflexure
Section 3105F. Mu{tlpk lz{zes may be utta.chea' lo the imooring I. = Moment of inertia of uncracked section :
component at varying horizontal and vertical angles. Mooring L = Effecti L
compaonents shall therefore be checked for all the mooring analy- e = Effective moment f’f ”1?’ Lia
sis load cases. The maximum demand on breasting dolphins and : Iy = Gross moment of inertia
Jender piles shall be established according to Sections 3103F.6 K = Subgrade modulus L
and 3105F. k = Factor dependent on the curvature ductility uy = :
3107F4.3 Capacity of Mooring and Berthing Components. The W/, within the plastic hinge region C
structural and connection capacity of mooring components bolted k = Knowledge factor L

1-294.72 ’ . JANUARY 31, 2005 SUPPLEMENT



CHAP. 31F, DIV. 7

2001 CALIFORNIA BUILDING CODE . 3107F.5
3107F.6

L L = The distance from the critical section of the plastic Vy = Nominal shear strength
N hinge to the point of contraflexure Vs = Transverse reinforcement shear capacity (strength)
L Ly = Plastic hinge length Vet = Shear capacity for steel pipe
- lye = Mininum development length 3107F.6 References.
- = ,“_ 1 o nme. 211 (]
la Euvfmg development length [7 1] M.N. Priestley, M.I.N, Seible, Frieder, Gian Michele
lgy = Vertical development length Calvi, “Seismic Designand Retrofit of Br u/qes " 1996,
M. = Moment capacity of the connection New York.
M, = MO”‘C’“‘ capacily al plastic rotation [7.2] Ferritto,J., Dickenson, S., Priestley N., Werner; S., Tay-
M, = Moment at secant stiffness . lor, C., Burke D., Seelig W., and Kelly, S., 1999, “Seismic

Criteria for California Marine Oil Terminals, Vol.1 and
Vol.2,” Technical Report TR-2103-SHR, Naval Facili-
ties Engineering Service Center, Port Hueneme, CA.

My, = Moment as determined from a pushover analysis at
displacements corresponding to the damage control

.

limit state
M, = M ¢ at first vield - [7.3] Federal Emergency Management Agency, FEMA-356,
J _ .?men. tlz Jirst yie . : Nov. 2000, “Prestandard and Commentary for the Seis-
N = Pile axia co.mpresstve fo.r c e including load " mic Rehabilitation of Buildings,” Washington, D.C.
Ny = External.axial compression on 'pile including loa - [7.4] Blakeley, J.P, Park, R., “Prestressed Concrete Sections

due to earthquake action _
Effective volume-ratio of confining steel
Nominal principal tension

Radius of circular pile

= Spacing of hoops or spiral along Ihe pzle axis .
= Shell thickness ‘

with Cyclic Flexure,” Journal of the Structural Divi-
sion, American Society of Civil Engineers, Vol. 99, No.
ST8, August 1973, pp. 1 71 7-1742, Reston, VA. -

[7.5] American ConcreteInstitute, ACI31 8-02,2002, “Build-
* . ing Code Requirements for Structural Councrete
(318-02) and Commentary (318R-02),” Farmington.

Hills, Michigan.

[7.6] Applied Technolag}} Council, 1996, ATC-32, “Improved

Seismic Design Criteria for California Bridges: Provi-

P
r
s
¢
4 = Displacement
@ = 1.0 for existing striictures, and 0. 85 for new deszgn
e
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= Angle of critical crack to the pile axis (taken as 30° sional Recommendations, ” Redwood City, CA,
Jor ex.zstmg s‘tructures, and 357 for new.design) [7.7] Kowalski, M.J. and Priestley, M.J.N., “Shear Strength
% = Plasticrotation : : of Ductile Bridge Columns, ” Proc. 5t Caltrans Seismic -
a =. Angle between line joining centers of flexural com- o Design Workshop, Sacramento, June 1998.
pression in the deck/pile and m-ground hinges, and [7.8] American Institute of Steel Construction (AISC), 2001,
 the pile axis ‘ o “Manual of Stéel Construction, Load and Resistance
$o = Allowable curvature - . " Factor Design (LRFD),” 3" Ed., Chicago, IL
$m = Maximum curvature : . [ 7.9] American Forest & Paper Association, 2001, "Natzonal
¢p = Plastic curvature . . Design Specification for Wood Construction,” ANSI/
Py = Ultimate curvaturg ’ ' ) - AF&PA NDS-2001, Washmgton, D.C.
v = Adjusted ultimate curvature S [710] Départmintcof Defen;e, 1 %;98 ?ﬂL-HléBK -1025/6,
- “Genera riteria  for aterfront  Construction
#y = Vield curvaiure ~ o 1025/6,” 15 May 1988, Washington, D.C.
y = Adjusted yield curvature e . . :
. . . [7.11] Naval Facilities Engineering Command, 1986,
Tmax = Maximum shear stress . : “Foundations and Earth Structures,” Design Manual
Ve = Concrete shear strength : ' _ " 7.02, Alexandria, VA.
V= J 0"”.‘ shear stress‘ , Authority: Sections 8755 and 8757, Public Resources Code.
Vaesign = Design shear strength . Reference: Sections 8750, 8751, 8755 and 8757, Public Re-
Vinax,pusie = Maximum shear demand sources Code. ,
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CHAP, 31F, DIV. 8
3108F
3108F.3.2

2001 CALIFORNIA BUILDING CODE

Division 8

SECTION 3108F — FIRE PREVENTION, DETECTION
AND SUPPRESSION

3108F.1 General. This section provides minimum standards for
Jire prevention, detection and suppression at MOTs. See Section
3101F3 for definitions of “new™ (N) and “existing” (E).

3108F.2 Hazard Assessment and Risk Analysis.

3108F.2.1 Fire Hazard Assessment and Risk Analysis (N/E). A
[fire hazard assessment and risk analysis shall be performed, con-
sidering the loss of commercial power; earthquake and other lele-
vant events. :

3108F.2.2 FirePlan (NJE).A site-speczﬁcF ire Plan shall be pre-
pared by a registered engineer or a competent fire protection pro-
Sessional. The plan shall consider the hazards and risks identified
per Section 3108F.2.1 and shall include, but not be limited to, the
elements of pre-fire planning as discussed inSection 9 of [8.1] and
Chapter 3 of [8.2]. The Fire Plan shall include goals, resources,
organization, strategy and tactics, including the following:

1. MOT characteristics (e.g., tanker/manifold, product pipe-
lines, etc.)

2. Product types and fire scenarios =
3. Possible collateral fire damage to adjacent facilities

4. Fire-fighting capabilities, including availability of water
(flow rates and pressure), foam type and associated shelf life, pro-
portioning equipment, and vehicular access (8.1, 8.3]

5. Theselection of appropriate extinguishing agents [8.1, 8.2]

6. Calculation of water and foam capacities, as applicable,
consistent with area coverage requirements [8.1]

7. Coordination of emergency efforts
8. Emergency escape routes [8.2, 8.3]

9. Requirements for firedrills, training af w/zarf personnel, and
the use of nonfixed equipment

10. Life safety
I1. Rescue for terminal and vessel personnel [8.1]
12. Cooling water for pipelines and valves exposed to the heat

13. Contingency planning when supple}nental fire support is
not available. Mutual aid agreements can apply fo water and land
based support .

14. Consideration of adverse conditions, such as electr zcal
power failure, steam failure, fire pump failure, an ear tlzquake or
other damage to the fire water system.

The audit team shall review and field verify the fire ﬁghtmg
equipment locations and condition and may check its operability.

3108F.2.3 CargoLiquid and Fire Hazard Classifications (N/E).
The cargo liquid hazard classes are defined in Table 31F-8-1, as
either High (He) or Low (Lc), depending on the flash poini.

Fire hazard classzf cations (Low, Medium or High) are defined
iit Tuble 51F-8-2, and are based on the cargo lzqmd hazard class
and the sum of all stored and flowing volumes, prior to the Emer-
gency Shut Down System (ESD) stopping the flow of oil.

The stored volume is the sum of the Hc and L¢ liquid hazard
class piping volumes (Vsy and Vs.), if the piping is not stripped.

1-294.74

During a pipeline leak, a quantity of oil is assumed to spill at the
maximum cargo flow rate until the ESD is fully effective. The ESD
valve closure is required to be completed in 60 seconds i installed
prior to November 1, 1980 or in 30 seconds if installed after that

date (2 CCR 2380 (h) (3))[8.3]. The flowing volume is the sum of

the He and Le liquid hazard class volumes (Ve and Vi), and
shall be calculated as follows:

Ve=0c X 4t X (1/3,600) (8-1)
WHERE:
Vr = Flowing Volume (Vi or Vry, ) [bbl]
Qc = Cargo Transfer Rate [bbllhr]
At = ESD time, 30 or 60 seconds

3108F.3 Fire Prevention.
3108F.3.1 Ignition Source Control.

. 3108F.3.1.1 Protection from ignition by static electricity, light-

ning or stray currents shall be in accordance w:th API RP 2003
[8.5] (N/E)

3108F.3.1 .2 Requirements to prevent electrical arcing shall be in
conformity with 2 CCR 2341 [8.3] (N/E).

3108F.3.1.3 Multiberth terminal piers shall be constructed so as
to provide a minimum of 100 ft between adjacent manifolds (N).

3108F.3.2 Emergency Shutdown Systems. An essential measure
of fire prevention is communications in conjunction wilh the emer-
gency shutdown, The ESD and isolation system shall conform to 2
CCR 2380 (h) [8.3] and 33 CFR 154.550 [8.6]. An ESD system
shall include or provide:

1. AnESD valve, located near the dock manifold connection or
loading arm (N/E).

2. ESD valves, with “Local” and “Remote” actuation capabil-
ities (N).

3. Remote actuation stattonsstrategzcally located, so thatESD
valve(s) may be shut within required times (N).

4. Multiple actuation stations installed at strategic locations,
50 that one such station is located more than 100 feet from areas
classified as ClassI, Group D, Division 1 or 2 [8.7]. Actuation sta-
tions shall be wired in parallel to achieve redundancy and ar-
ranged so that fire damage to one station will not disable the ESD
system (N). - '

5. Communications or control circuits to synchronize simulta-
neous closure of the Shore Isolation Valves (SIVs) with the shut
down of loading pumps (N).

0. A manual reset to restore the ESD system {o an oper: atzonal
state after each initiation (N).

7. An alarm to indicate failure of the primary power source
(N).

8. A secondary (emergency) power source (N).
9. Periodic testing of the system (N).

10. Fire proofing of motors and control-cables that are
installed in areas classified as Class I, Group D, Division 1 or 2
[8.7]. Fire proofing shall, at a minimum, comply with the recom-
mendations of API Publication 2218 (see Section 6 of [8.8]) (N).

JANUARY 31, 2005 SUPPLEMENT

aOP>O>0P>0>0 O>G>O>O>O>O>0>O>O>O>O>O>O>0>O>0>0>O>O}O>G>O>O>O>O>O>Q>O>0>O>O>O>O>O>O>O>O>O>O>O>C\>O>O>O>O>O>Q>ﬁ>.’}>’l>ﬂ>"!>’1>":3/':}":

[ttt e e A R

T orrTes

crr c
crorT lllFl“.l(Ll(\tllllLLLlLLLLLL[!&LL}&tLLLLLLLLLALLzl—ttlltlt—tlLtlnlL\ltltxnxlxutt(klklLlrfrkt{ktrlx.

anny,

\
*
3
3

K




LJB0 2L E0 T S S S i Sl S S P 2 S Sl Sl o G el i ) el e el w o w  w d w d w d nd nd wn ad el ol d

0>0>0>0>ﬂ>0>0>0>0>0>O>O>O>O>O$0>O>O$O>D>O>O>0>O>O>O>O>O>O

2001 CALIFORNIA BUILDING CODE

- CHAP. 31F, DIV. 8
TABLE 31F-8-1
3108F.6.1

TABLE 31F-8-1
CARGO LIQUID HAZARD CLASS

CLASS CRITERION REFERENCE EXAMPLES
Low Flash Point ISGOTT (Chapter 15, [8.4]) —Nonvolatile | #6 Heavy Fuel Oil, residuals, bunker
(Le) 2 J40°F ' _
High Flash Point ISGOTT (Chapter 15, [8.4]) — Volatile Gasoline, J P4, crude oils
(He) < 140 °F
- _TABLE 31F-8-2 ’
. FIRE HAZARD CLASSIFICATIONS
) STORED VOLUME (bbl) FLOWING VOLUME (bbl)
CLASS . Stripped VsL VsH Ve Ve CRITERIA (bbls)*
LOW y . n n. y ' y Ve = Vry, and Vi < 1200
Low n y n- y n Vst + Ve < 1200
MEDIUM n ’ n y n y Vst + Vey < 1200
MEDIUM Ly B n n y y Ven > Ve, and Vp < 1200
HIGH n o n ) y . n y Vsy + Vey >1200
HIGH y n : S y y Vr> 1200
HIGH n : y y y y V> 1200
"HIGH n y n y n Vs, + Ve > 1200
HIGH n n : n y Vsy + Vry > 1200
y = yes

n=no :
Stripped = product purged from ptpelme Jollowing product tr ansfer event.
Vsi, = stored volume of low-hazard class product

Vsu = stored volume of high-hazard class product

VrL = volume of low-hazard class product flowing through transfer line during 30 - 60 secs. ESD.
Vey = volume of high-hazard class product flowing through transfer line during 30 - 60 secs. ESD.

Vr = Vi, + Vs + Ve + Ve = Total Volume (stored and flowing)

* Quantities are based on maximum flow rate, including simultaneous transfers,

3108F.3.3 ShoreIsolatzon Valves (SIV) Shorelsolation Valve(s )
shall:

1. Be located onshore for each cargo pipeline. All SIVs shall be
clustered together, for easy access (N).

2. Be clearly zdentzf ed together with associated pipeline
(N/E).

3. Have adequate lighting (N/E).

4. Be provided with communications or control circuits to syn-
chronize simultaneous closure of the ESD system with the shut
down of loading pumps (N).

5. Have a manual reset to restore the SIV system fo an opera-
tional state after each shut down event (N).

6. Be provided with thermal expansion relief to accommodate
expansion of the liquid when closed. Thermal relief piping shall be
properly sized and routed around the SIV, into the downstream
segment of the pipeline or into other containment (NJE).

SIVs installed in pipelines carrying hazard class, HC liquids, or
al a MOT with a risk classification “Medium”-or “High” (see
Table 31F-4-1), shall be equipped with “Local” and. “Remote”
actuation capabilities. Local control SIVs may be motorized
andfor operated manually (N).

3108F4 Fire Detection. An MOT shall have a permanently
installed automated fire detection or sensing system (N).

3108F.5 FireAlarms. Automatic and manualfire alarms shall be
provided at strategic locations.The fire alarm system shall be ar-
ranged to provide a visual and audible alarm that can be readily

JANUARY 31, 2005 SUPPLEMENT

discerned by all personnel at the MOT. Additionally, visual and
audible alarms shall be displayed at the Facility’s Control Center
(N/E). :

If the fire alarm system is integrated with the ESD system, the

operation shall be coordinated with the closure of SIVs, block
valves and pumps to avoid adverse hydraulic conditions (N/E).

" 3108F.6 Fire Suppression. Table 31F-8-3 gives the minimum

provisions for fire-water flow rates and fire extinguishers. The
table includes consideration of the fire hazard classification (Low,
Medium or High), the cargo liguid hazard'class (Low or High) and
the vessel or barge size. The minimum provisions may have to be
augmented for multi-berth terminals or those conducting simulta-
neous transfers, in accordance with the risks zdentzf ed in the Fire
Plan.

3108F.6.1 Coverage (N/E). The fire suppression system shall
provide coverage for:

1. Marine structures including the pier/wharf and approach
trestle -

2. Terminal cargo manifold

3. Cargo tr ansfel sysiem zncluduzg loading arms, hoses and
hose racks

4. Vessel manifala"
5. Sumps
6. Pipelines
7. Control Stations
1-294.75
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CHAP. 31F, DIV, 8
TABLE 31F-8-3
3108F.7

2001 CALIFORNIA BUILDING CODE

TABLE 31F-8-3
MINIMUM FIRE SUPPRESSION PROVISIONS (N/E)

FIRE HAZARD CLASSIFICATION VESSEL AND CARGO LIQUID HAZARD CLASS
(From Table 31F-8-2) (From Table 31F-8-1) MINIMUM PROVISIONS
Low Barge with L (including drums) 500 gpm of water
2.x 20 Ib portable dry chemical and 2 x 110 lb wheeled
dry chemical extinguishers or the equivalent.
Low Barge with Hc, (including drums) 1,500 gpm of water
Tankers < 50 KDWT, handling L¢: or He 2x 20 Ib portable dry chemical and 2 x 165 1b wheeled
i dry chemical extinguishers or the equivalent
. MEDIUM Tankers < 50 KDWT handling L¢ 1,500 gpm of water
2 x 20 Ib portable dry chemical and 2 x 165 1b Wwheeled
dry chemical extinguishers or the equivalent.
’ MEDIUM Tankers < 50 KDWT, handling He 2,000 gpm of water
’ 4 x 20 1b portable dry chemical and 2 x 165 Ib wheeled
dry chemical extinguishers or the equivalent,
HIGH Tankers < 50 KDWT, handling L¢ or He 3,000 gpm of water
’ 4 x 20 Ib portable dry chemical and 2 x 165 Ib wheeled
dry chemical extinguishers or the equivalent.
LOW, MEDIUM, HIGH Tankers > 50 KDWT, handling L¢c or He 3,000 gpm of water
. : . 6x20 b portable dry chemical and 4 x 110 Ib wheeled
dry chemical extinguishers or the equivalent.

3108F.6.2 Fire Hydrants. Hydrants shall be located not greater
than 300 ft apart, along the wharf and approach trestle [Section
4.2.3 of API 2001 [8.1]. Additional hose connections shall be pro-
vided at the base of fixed monitors and upstream of the water and
foam isolation valves. Connections shall be accessible to fire
trucks or mutual aid equipment as identified in the Fire Plan (N).

Hydrants and hoses shall be capable of applying two indepen-
dent water streams covering the cargo manifold, transfeij system,
sumps and vessel manifold (N/E).

3108F.6.3 Fire Water. The source of fire water should be reliable
and provide sufficient capacity as determined in the fire plan.

1. All wet systems shall be kept pr essurzzed (jockey pump or
other means) (N/E).

2. Wet system headers shall be equzpped with a low-pressure
alarm wired to the control room (N).

3. Fire pumps shall be installed at a distance of at least 100 ft
from the nearest cargo mamfold area (N).

4. Hose connectionsfor ﬁreboats or tugboats shall be provided
onthe MOT fire water line. Connections shall be installed at a safe
access distance from the high-risk areas such as sump, manifold
and loading arms (N/E).

3108F.6.4 Foam Supply (NJE). Product flammability, fodm type,
water flow rates and application duration shall be considered in
foam supply calculations.

Fixed foam proportioning. equipment shall be located at a dis-
tance of atleast 100 ft from the high-risk areas such as sump, man-
ifold and loading arms, except where hydraulic limits of the foam
delivery system require closer proximity.

MOTs shall have a program to ensure that foam is replaced ac-
cording to the manufacturer’s recommendations.

3108F.6.5 Fire Monitor Systems. Fire monitors shall be located
to provide coverage of MOT cargo manifolds, loading arms,
hoses, and vessel manifold areas. This coverage shall provide at
least two independent streams of water/foam. Monitors shall be
located to provide an unobstructed path between the monitor and
the target area (N/E).

If the vessel manifold is more than 30 fi above the wharf deck,
the following factors shall be considered, in order to determine if
monitors located on elevated masts or towers are required (N/E):

1-204.76

Notes: L¢ and He are defined in Table 31 F-8-1. KDWT = Dead Weight Tons (Thousands)

" 1. Maximum tanker freeboard
2. Tidal variations
3. Pier/wharflloading platform elevation
4. Winds
5. Fire water line pressure
Sprinklers andlor remotely controlled water/foam monitors

shall be installed to protect personnel, escape routes, shelter loca-
tions and the fire water system (N).

Isolation valves shall be installed in the fire water and the foam
lines in order to segregate damaged sections without disabling the
entire system. Readily accessible isolation valves shall be
installed 100 - 150 ft from the manifold and the loading arm/hose
area (N).

3108F.6.6 Supplemental Fire Suppresswn Systems (E) A sup-
plemental system is an external waterborne or land-based source

* providing suppressant and equipment. Supplemental systems may

not provide more than one-quarter of the total water requirements
specified in the Fire Plan.

Additionally, supplementary systems shall not be considered in
a Fire Plan, unless available within 20 niinutes following the initi-
ation of a fire alarm. Mutual aid may be considered as part of the

) .supplemental system.

3108F.7 References. _

[8.1] American Petroleum Institute, 1998, API Recommended
Practice 2001 (API RP 2001), “Fire Protection in Refin-
eries,” 7' ed., Washington, D.C.

[8.2] Oil Companies International Marine Forum (OCIMF),
1987, “Guide on Marine Terminal Fire Protection and
Emergency Evacuation,” 1% ed., Witherby, London.

[8.3] 2 CCR 2300-2407 (Title 2, California Code of Regula-
tions, Sections 2300-2407).

[8.4] International Chamber of Shipping (ICS), Oil Compa-
nies International Marine Forum (OCIMF), Internation-

al Association of Ports and Harbors (IAPH), 1996,
“Internatinonal Safety Guide for O)il Tankers and Termi-

nals (ISGOTT),” qif ed, W'therby, London.

[8.5] American Petroleum Institute, 1998, API Recommended
Practice 2003 (API RP 2003), “Protection Against Igni-
tions Arising Out of Static, Lightning, and Stray Cur-
rents,” 6" ed., Washington, D.C.
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[8.6] 33 CFR 154.550 (Title 33, Code of Federal Regulations,
Section 154.550).

[8.7] National Fire Protection Association, 2002, NFPA 70,
) “National Electric Code, " Quincy, MA.

[8.8] American Petroleum [nstitute, 1999, APl Publication
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2218. “Fireproofing Practices in Petroleum and Petro-
chemical Processing Plants,” 2" ed., Washington, D.C.

Authoritv: Sections 8735 and 8757, Public Resources Code.

Reference: Sections 8750, 8751, 8755 and 8757, Public Re-
sources Code.
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Division 9

SECTION 3109F — PIPING AND PIPELINES

3109F.1 General. This section provides minimum engineering
standards for piping, pipelines, valves, supports and related ap-
purtenances at MOTS. This section applies to piping and pipelines
used for transferring: .

1. Oil (see Section 3101E1) o or from tank vessels or barges

2. Oil within the MOT )
3+ Vapors, including Volatile Organic Compounds (VOCs)
4. Inerting or enriching gases to vapor control systems ‘

Additionally, it also applies lo piping or pipelines providing ser-
vices, which includes sir Lppmg, sampling, venling, vapor cont: ol
and fire waler:

See Sectzon 3101F3 f01 defi mtzons of “new” (N) and "exzst-'

ing” (E).

3109F.2 Oil Piping and Pipeline Systems. All pressure piping
and pipelines for oil service shall conform to the provisions of APT
Standard 2610 [9.1], ASME B31.3 [9.2] or B31.4 [9.3] as ap-
propriate, including the following:

1. All piping/pipelines shall be documented on current P&ID 5
(NIE). : -

2. Piping and pipeline systems shall be installed above deck
(N).

3. The systems shall be arranged in a way not o obstruct ac-
cess lo and removal of other piping components and equipment

).

4. Flexibility shall be achieved through adequate expanszon :

loops or joints (N/E).

5. A guide or lateral restraint shall be prowded just past the el-
bow where a pipe changes direction in order to minimize excessive
axial stress (N).

6. Piping shall be routed lo allow for movement dué to thermal
expansion and seismic displacement, without exceeding the al-
lowable stresses in the supports, and anchor connections (seeSec-
tion 3109E3) (NJE). .

7. Plastic piping shall not be used unless deszgnated for oil ser-

vice (N/E).

8. Ifa flanged connection exists within 20 pipe diameters from
the end of any replaced section, the pipe shall be replaced up to
and including the flange.

9. Pipelines shall be seamless, electric-resistance-welded or
electric-fusion-welded (N). :

10. Piping greater than 2 inches in dzameter shall be butt-

welded. Piping 2 inches and smaller shall be socket welded or
threaded.

11. Pipeline connections directly over the water shall be

welded (N). Flanged connections not over water shall have secon-

dary containment (N).

12. Pipelines thnt do not Imve a valid and cer tif ed Smtic Liq-
uid Pressiie Test { \uuL J./ 17 "’l shiall be maiked “CUT OF SER-
VICE”. Out-of-service piping and pipelines shall be purged,
gas-freed and physically isolated from sources of oil.

13. If a pipeline is “out-of-service” for 3 or more years, it will
require Division approval prior lo re-use.

1-294.78

-largest temperature differential imposed by normal operation,

- friction shown in Table 31F-9-1 shall be used.

3109F.3 Pipeline Stress Analysis (NIE). Pipeline stress analysis
shall be performed for:

1. New piping and pipelines

2. Significant rerouting/relocation of existing piping

3. Any replacement of “not in-kind" piping

4. Any significant rearrangement or replacement of “not in-
kind" anchors andfor supports

5. Significant seismic displacements calculated fr om the struc-

tural assessment

Piping stress analysis shall be pelformed in accordance with
ASME B31.4 [9.3], considering all relevant loads and corre-
sponding displacements determined from the structural analysis
described in Section 3104F,

Flexibility analysis for piping, considering supports, shall be
performed in accordance with ASME B31.4 [9.3] by using the

start-up, shutdown or abnormal conditions. Thermal loads shall
be based upon maximum and minimum local temperatures; heat
traced piping shall use the maximum attainable temperature of the
heat tracing system.

To determine forces at sliding surfaces, the coefficients of static

TABLE 3109F-9-1
COEFFIGIENTS OF STATIC FRICTION -

SLIDING SURFACE MATERIALS COEFFICIENT OF STATIC FRICTION
Teflon on Teflon 0.10
Plastic on Steel 0.35
Steel on Steel 0.40
Steel on Concrete 0.45
Steel on Timber 0.49

3109F.4 Anchorsand Supports.Anchorsand supports shall con-
formtoASME B31.3[9.2], ASME B31.4 [9.3], API Standard 2610
[9.1] and the ASCE Guidelines [9.5](N).

A seismic assessment shall be per formed for existing anchors
and supports using recommendations in Section 7 of CalARP
[9.6] or Chapter 11 of FEMA 356 [9.7], as appropriate (E).

3109F.5 Appurtenances.
3109F.5.1 Valvesand Fittings. Valves and fittings shall meet the

following requirements:

1. Conformto ASME B 31.4 [9.3], API Standard 609 [9.8] and
ASME B16.34 [9.9], as appropriate, based on their service (N).

2. Conform to Section 8 of [9.1] (N/E).

3. Stems shall be oriented in a way not to pose a hazard in op-
eration or maintenance (N/E).

4. Nonductile iron, cast iron, and low-melting temperature
metals shall not be used in any hydrocarbon service, fire water or
foam service (NJE).

5. Double-block and bleed valves shall be used for manifold
vnluec (NTE)
valves. (N/E),

6. Isolation valves shall be fire-safe, in accordance with API
Standard 607 [9.10] (N).

7. Swing check valves shall not be installed in vertical down-
Jlow piping (N/E).
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8. Pressure reliefdevices shall be used in any closed piping sys-
tem that has the possibility of being over pressurized due to tem-
perature increase (thermal relief valves) or surging (N/E).

9. Pressure reliefdevices shall be sized in accordance with APT
RP520[9.11] (N). Set pressures and accumulating pressures shall
be in accordance with [9.11] (N).

10. Discharge from pressure relief valves shall be direcled into
lower pressure piping for recycling or proper disposal. Discharge

shall never be diiected into the open environmenl, unless secon-

dary containment is provided (NIE).

11: Threaded, socket-welded, [langed and welded fi ttmgs shall

conform to Section 8 of [9.1] (N/E).
3109F.5.2 Valve Actuators (N/E).

1. Actuators shall have a readily accessible, manually oper-
ated overriding device Lo operate the valve during a power loss.

2. Torque switches shall be sel to stop the motor closmg opera-
tion at a specified torque seltmg

3. Limit switches shall be set to stop the motor opening opera-
tion at a specified limit switch setting.

4. Critical valves shall be provided with thermal insulation.
The insulation shall be inspected and maintained al periodic in-
tervals. Records of thermal insulation inspections and condition
shall be maintained for at least 6 years.

5. Electrical insulation for critical valves shall be measured
for resistance following installation and retested periodically.
T hese records shall be maintained for at least 6 years.

3109F.6 Utility and Auxiliary Piping Systems U[zlzty and auxil-
iary piping includes service for:

1. Siripping and sampling

2 Vapor control

3. Fire water and foam .

4. Natural gas

5. Compressed air, venting and nitrogen

Stripping and samplmg piping shall conform to Section
3109E2 (N/E).

Vapor return lines and VOC vapor inerting and enriching (natu-
ral gas) piping shall conform to 33 CFR 154.808 [9.12] and APT
RP 1124 [9.13] (N).

Firewater and foam piping - and fittings shall meet the followmg
requirements:

1. Conform to ASME B 16.5 [9.14]‘
2. Fire mains shall be carbon steel pipe (N/E)

3. High density polyethylene (HDPE) piping may be used for
buried pzpelmes (NIE)

4. Ptpmg shall be color-coded (NJE)

Compressed air, venting and nitrogen piping and fittings shall
conform to ASME B31.3 [9.2] (N).

. CHAP. 31F, DIV. 9
. 3109F.5.1
3109F7

3109F.7 References.

[9.1] American Petroleun Institute (API). 1994, API Stan-
dard 2610, “Design, Construction, Operation, Mainte-
nance. and Inspection of Terminal and Tank Facilities,
ANSIIAPISTD 2610-1994, 15 ed., Washington, D.C.
American Society of Mechanical Engineers (ASME),
1998, ASME B31.3, “Process Piping," New York.

American Society of Mechanical Engineers (ASME),
1998, ASME B31.4, “Pipeline Transportation Systems
For Liquid Hydrocarbons And Other Liquids,” New
York.

2 CCR 2550 - 2556, 2560 - 2571 (Title 2, California
Code .of Regulations (CCR), Sections 2550-2556,
2560-2571).

AmericanSociety of Civil Engineers, 1997, “Guidelines
Jor Seismic Evaluation and Design of Petrochemical
Facilities,” New York.

CalARP Program Seismic Guzdance C ommzttee, 1998,
“Guidance for California Accidental Release Preven-
tion (CalARP) Program Seismic Assessmenis”, Sacra-
mento, CA.

Federal Emergency Management Agency, Nov. 2000,
FEMA 356, “Prestandard and Commentary for the Seis-
mic Rehabilitation of Buildings”, Washington, D.C.

American Petroleum Institute (API), 1997, API Stan-
dard 609, "Butterﬂy Valves: Doubleé Flanged, Lug- and
Wafer-Type,” 5'h ed., Washington, D.C.

American Society of Mechanical Engineers (ASME),
1996, ASME B16.34, “Valves Flanged Threaded And
Welding End,” New York.

[9.10] American Petroleum Institute (API), 1 996 API Stan-
dard 607, “Fire Test for Sofi-Seated Quarter-Turn
Valves,” 4 i ed., 1993 (reaffirmed 4/1 996), Washington,
D.C.

[9.11] American Petroleum Institute (API), 2000, APIRP 520,
“Sizing, Selection, and Installation of Pressure-reliev-
ing Devices in Refineries, Part ] —Sizing and Selection,
7th ed., and Part Il —Installation, 2003, 5* ed., Wash-
ington, D.C.

[9.12] 33 CFR 154.808 — Vapor Control Systems, General
(Title 33, Code of Federal Regulations (CFR), Section
154.808).

[9.13] American Petroleum Instztute (API), 1991, Recom-

. mended Practice 1124 (APIRP 1124), “Ship, Barge, and
Terminal Hydrocarbon Vapor Collection Manifolds,”
Isted, Washmgton, D.C.

[9 14] American Society of Mechanical Engineers (ASME),
1996, ASME B16.5,” Pipe Flanges and Flanged Fit-
tings,” New York.

Authority: Sections 8755 and 8757, Public Resoui'ces Code.
Reference: Sections 8750, 8751, 8755 and 8757, Public Re-
sources Code.

[9.2]
[9.3]
[9.4]

- [9.5]

[9.6]

[9.7]
[9.8]

[9.9]
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Division 10

SECTION 3110F — MECHANICAL AND ELECTRICAL
EQUIPMENT

3110F.1 General. This section provides the minimum standards
Jor mechanical and electrical equipment at MOT.

See Section 3101F.3 for definitions of “new™ (N) cuzd “exist-
ing” (E).
3110F2 Marine Loading Arms.

3110F.2.1 General Criteria. Marine loading arms and ancillary
systems shall conform to 2 CCR2380 (b) [10.1], 33 CFR 154.510
[10.2] and the “Design and Construction Specification for Ma-
rine Loading Arms,” [10.3].

The following shall be considered wheh deternining the load-
ing arm maximum allowable extension limits:

1. Vessel sizes and manifold locations
2. Lawest-low water level (Datum)
3. Highesl-high water level

4. Maximum vessel surge and sway

5. Maximum width of fendering system
3110F.2.2 Electrical and Hydraulic Power Systems. -
3110F.2.2.1 Pressure and Control S"ystems‘ (N). V

1. Pressure gauges shall be mounted inaccordance with ASME

B40.100-1998 [10.4]. _
2. The hydraulic drive cylinders shall be mounted and meet ei-

ther the mounting requirements ofANSI/(NFPA ) I3.6.7 R2-1996

[10.5] or equivalent.

3. Inhigh veloczty current (> 1.5 knots) areas, all new marine
loading arms shall be fitted with quick disconnéct couplers and
emergency quick release systems in conformance with Section 6.0
and 7.0 of [10.3]. In complying with this requirement, attention
shall be paid to the commentary and guzdelmes in Partll of refer-
ence [10.3].

4. Out-of-limit, balance and the. approach of out-of-limit
alarms shall be located at or near the loading arm console.

3110F.2.2.2 Electrical Components (N) The following criteria
shall be implemented:

1. Equipment shall be provided with a safety disconnecting de-
vice to isolale the entire electrical system from the electrical mains
in accordance with Article 430 of the National Electrzc Code
(NEC), [10.6].

2. Motor controllers and 3-pole motor overload protection
shall be installed and sized in accordance with Article 430, NEC
[10.6].

3. Control circuits shall be limited to 120 volts and shall com-
ply with Articles 500 and 501 of the NEC [10.6]. Alternatively, in-
lrinsically safe wiring and controls may be provided in
accordance with Article 504, NEC [10.6] and ANSIJUL Std. No.
913 [10.7].

4. Grounding and bonding shall comply with the requirements
of Article 430, NEC [10.6] and Section 3111F.

Section 3111F includes requirements for electrical equipment,
wiring, cables, controls and elecirical auxiliaries located in haz-
ardous areas.

1-294.80

3110F.2.2.3 Remote Operation. The remote control system,
where provided, shall conform to the recommendations of the
OCIMF [10.3]. The remote operation shall be facilitated by either
a pendant control system or by a hand-held radio controller (N).

The pendant control system shall be equipped with a plug-in ca-
pability to an active connector located either in the vicinity of the
loading arms, or at the loading arm outboard end on the triple
swivel, and hard-wired into the control console. The,umbilical
cord running from the triple swivel to the control console shall be
attached to the loading arm. Other umbilical cords shall have suf-
[icient length to reach the maximum operational limits (N).”

The radio controller if installed shall comply with 2 CCR
2370(e) [10.8] and 47 CFR Part 15 [10.9] requirements for trans-
milters operating in an industrial environment (N/E).

3110F.3 Oil TransferHoses'(N/E). Hoses for oil transfer service
shall be in compliance with 2 CCR 2380 (a) [10.10] and 33 CFR
154.500 [10.11].

Hoses with diameters of 6 inches or larger shall have flanges
thatmeet ANSIBI16.5 [10.12]. Hoses with diameters of 4 inches or
less may have quick disconnect fittings provided that they meet
ASTM F-1122 [10.13].

3110F4 Lifting Equipment: Winches And Cranes. Lifting
equipment shall conformto [10.14], [10.15], [10.16] and [10.17].
Electrical equipment shall conform to the provisions of Section

" 3111F

3110F4.1 Winches.

1. Winches and ancillary equipment shall be suitable for a ma-
rine environment (N/E).

2. Winches shall be provided with a fail-safe braking system,
capable of holding the load under all conditions, including a pow-
er failure (N/E).

" 3. Winches shall be fully reversible (N).

4. Shock, transient, and abnormal loads shall be conszdered
when selecting winch systems (N).

5. .Winches shall have limit switches and automatic trip devices
to prevent over-travel of the drum in either direction. Limil
switches shall be tested, and demonstrated to function correctly
under operating conditions without inducing undue tensions or
slack in the winch cables (N/E).

6. Under all operating conditions, there shall be at least. two
full turns of cable on grooved drums, and at least three full turns
on ungrooved drums (N/E).

7. Moving winch parts which present caught-in hazards to per-

_sonnel shall be guarded (NJE).

8. Winches shall have clearly identifiable and readzly accessi-
ble stop controls (NJE).

3110F4.2 Cranes (N/E).

1. Cranes shall not be loaded in excess of the manufacturer
rating except during performance tests.

P

S

2. Drums on load-hoisting equipment shall be equipped with
positive holding devices.

3. Under all operating conditions, there shall be at least two
Sull turns of cable on grooved drums, and at least three full turns
on ungrooved drums.

4. Braking equipment shall be capable of stopping, lowering,
and holding a load of at least the full test load.
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3. When not in use, crane booms shall be lowered to ground
level or secured lo a rest support against displacement by wind
loads or other outside forces.

" 6. Safety sysiems including devices that affect the safe lifting
and handling, such as interlocks, limit switches, load/moment and
overload indicalors with shutdown capability, emergency stop
switches, radius and locking indicators, shall be provided
[10.18].

3110F.5 1S hore-To-VesselAccess'for Personiiely This section ap-
plies to shore-to-vessel means of access for personnel and equip-
ment provided by the terminal.-This includes ancillary structures
and équipment, which support, supplement, deplay and maneuver
such vessel access systems. .

Shore-to-vessel access for personnel shall confo;m lo 29 CFR
1915.74 [10.19], Sections 19(b) and 21(b) of [ 10. 20] and the fol-
lowing:

1. Shore-to-vessel access syst;ems shall be designed to with-

stand the forces from dead, live, wind, vibration, impact loads, and -

the appropriate combination of these loads. The design shall con-
sider all the critical positions of the system in the stored, mainte-
nance, maneuvering, and deployed positions, where applicable

(N).

2. The minimum live load shall be 50 psf on walkways and 25 -

pif with a 200 pounds minimum, concehtrated load in any location
or direction on handrails (N).

3. The walkway shall benot less than 36 znches inwidth (N) and
not less than 20 inches for existing walkways (E).

4. The shore-to-vessel access system shall be positioned so as
to not interfere with the safe passage or evacuation of personnel
(N/E). .

5. Guardrails shall be provza’ed on both sides of the access sys-
tems with a clearance between the inner mostsurfaces of the guar-
drails of not less than 36 inches and shall be maintained for the full
length of the walkway (N).

6. Guardrails shall be at a height not less than 33 inches above
the walkway surface and shall include an intermediate rail lo-
cated midway between the walkway surface and the top rail (N/E).

7. The walkway surface, including self-leveling treads, if so
equipped, shall be finished with a safe nonslip footing accommo-
dating all operating gangway inclinations [10.21](N/E).

8. Under no circumstances shall the operating inclination of
the walkway exceed 60 degrees from the horizontal or the maxi-

mum angle recommended by the manufacturer, whichever is less

(NIE).
9. The undersides of aluminum gangways shall be protected

with hard plastic or wooden strips to prevent being dragged or
rubbed across any steel deck or component (N/E).

3110F.6 Sumps, Discharge Containment and Ancillary Equip-
ment. Sumps, discharge containment and ancillary equipment
shall conform to 2 CCR 2380(f) [10. 22], 33 CFR 154.530[10.23]

and the followuzg

1. Sumps for oil drainage shall be equipped with pressure/vac-
uum vents, automalic draining pumps and shall be tightly covered
(NIE).

2. Sumps which provide drainage for more than one berth
should be equipped with liquid seals so that a fire on one berth
does not spread via the sump (N/E).

3. Sumps shall be located at least 25 [i. from the manifolds,
base of the loading arms or hose towers (N).
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4. Conduct periodic integrity testing of the sump containers

and periodic integrity and lea/c testing of the related valves and
piping.

3110F.7 Vapor Countrol Systems. Vapor control systems shall
conform to 33 CFR 154.800 through 154.850 [10.24] and API
Standard 2610 [10.25]. The effects of seismic, wind, dead, live and
other loads shall be considered in the analysis and design of indi-
vidual tie-downs of components, such as of steel skirts, vessels,
controls and detonation arresters. The analysis and design shall
include the load transfer to supporting deck/pzle struclures or
Joundation elements.

-3110F.8 EquipmentAnchors and Supports. For new (N) electri-

cal and mechanical equipment, the seismic lateral loads (de-
mand) shall be calculated using the methods of Section 6.2 of
FEMA 368 [10.26]. The design for load transfer to the whar{ deck
shall use the same procedures as for mooring and berthing compo-
nents (see Section 3107F4.3).

For existing (E) equipment, the seismic assessment shall be per-

. formed in accordance with CalARP [10.27]; FEMA 356 [10.28]

or ASCE Guidelines [10.29].

3110F.9 References..

[10.1] 2 CCR 2380(b), Tk tle 2, California Code of Regula-
tions, Section 2380(b), Loading Arms.

33 CFR 154.510, Title 33 Code ofF ederal Regulations
Section 154.510.

Oil Companies International Manne Forum
(OCIMF), 1999, “Design and Constructzon Specifica-
tion for Marine Loading Arms,” 3'% ed., Witherby,
London.

American Society of Mechanical Engineers (ASME),
2000, ASME B40.100-1998, “Pressure Gauges and
Gauge Attachments,” New York.

National Fluid Power Association (NFPA), 1996,
ANSI/(NFPA) T3.6.7 R2-1996, “Fluid Power Systems
and Products —Square Head Industrial Cylinders —
Mounting Dimensions,” Milwaukee, WI,

National Fire Protection Association, 2002, NFFA 70,
“National Electric Code,” Quincy, MA.

Underwriters Laboratory, Inc., 1997, “Intrinsically
Safe Apparatus and Associated Apparatus for Use in
Class I, II, Ill, Division 1, Hazardous (Classzﬁea’)
Locations,” ANSIJUL Standard No. 913, 5" ed,
Northbrook, IL.

2 CCR2370(e), Title 2 California Code ofRegulatzons

Section 2370(e).

47 CFR Part 15 Private Land Mobile Radio Services,

Title 47 Code of Federal Regulations (CFR).

[10.10] 2 CCR 2380(a), Title 2, California Code of Regula-
tions, Section 2380(a).

[10 11] 33 CFR 154.500 Hose Assemblies, Title 33 Code of
Federal Regulations Section 155.500.

[10.12] American Society of Mechanical Engineers, 1996,
ASME/ANSI B16.5, “Pipe Flanges and Flanged Fit-
tings,” New York.

[10.13] American Society for Testing and Materials, 2001,
ASTM F-1122-87 (1998), “Standard Specification for
Quick Disconnect Couplings,” West Conshohocken,
RA.

[10.14] 29 CFR 1918, Subpart F, Title 29 Code of Federal Reg-

ulations Section 1918, Subpart F.

[10.2]

[10.3]

[10.4]

[10.5]

[10.6]

[10.7]

[10.8]

[10.9]
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[10.15] American Society of Mechanical Engineers, 1996,
ASME B304 - 1996, “Portal Tower and Pedestal
Cranes,” New York.

[10.16] American Society of Mechanical Engineers, 2002,
ASME B30.7 - 2001, “Base Mounted Drum Hoists, "
New York.

[10.17] American Society of Mechanical Engineers, 1999,
ASME HST-4, “Performance Standard for Overhead
Electric Wire-Rope Hoists,” New York.

[10.18] 29 CFR 1917.46, Title 29 Code of Federal Regulations
Section 1917.46 Load Indicating Devices.

[10.19] 29 CFR1015.74, Title 29 Code of F ederal Regulations
Section 1015.74, Access to Vessels.

[10.20] US Army Corps of Engineers, 1996, “Safety and
Health Requirements Manual, Sections 19(b) and
21(b),” EM 385-1-1, Washington, D.C.

[10.21] 29 CFR1918.22, Title 29 Cade ofFede: alRegulatzons .

Section 1918.22.

[10.22] 2 CCR 2380 (f), Title 2, California Code of Regula-
tions, Section 2380 (f), Small Discharge Containment.

[10.23] 33 CFR 154.530, Title 33, Code of Federal Regula-
tions, Section 154.530 Small Discharge Containment.

[10.24] 33 CFR154.800 through 154.850, Title 33 Code of fed-
eral Regulations, Sections 154.800 through 154.850.
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[10.25] American Petroleum Institute (APT), 1994, API Stan-
dard 2610, “Design, Construction, Operation, Main-
tenance, and Inspection of Terminal and Tank
Facilities," ANSI/API STD 2610-1994, 1% ed., Wash-
ington, D.C. .

[10.26] Federal Emergency Management Agency, 2001,
FEMA 368, “NEHRP Recommended Provisions for
Seismic Regulations for New Buildings and Other
Structures™, Part 1 — Provisions, Washington D.C.

[10.27] CalARP Program Scismic Guidance Commillee,
1998, “Guidance for California Accidental Release
Prevention (CalARP) Program Seismic Assessments,”
Sacramento, CA.

. [10.28] Federal Emergency Management Agency, Nov. 2000,

: FEMA 356, “Prestandard and Commentary for the
Seismic Rehabilitation of Bmlduzgs”, Washington,
D.C.

[10.29] American Society of Civil Engineers, 1997, “Guide-
lines for Seismic Evaluation and Design of Petrochem-
ical Facilities,” New York, NY.

Authority: Sections 8755 and 8757, Public Resources Code.‘
Reference: Sections 8750, 8751, 8755 and 8757, Public Re-
sources Code. .
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CHAP. 31F DIV. 11
" 3111F
3111F.8.2

Division 11

SECTION 3111F — ELECTRICAL SYSTEMS
3111F.1 General. This section provides minimum standards for
electrical systems at marine oil terminals.

Electrical systems include the incoming electrical service and
components, the electrical distribution system, branch circuit
cables and the connections. Also included are:

.1. Lighting, for operations, security and navigation
2. Controls for mechanical and electrical equipment

3. Supervision and instrumentation systems for mechanical
and electrical equipment .

4. Grounding and bonding

5. Corrosion protection through cqthodic protection
6. Communications and data handling systems

7. Fire detection :systems.

8. Fire alarm systems

9. Emergency shutdown systems (ESD)

All electrical systems shall conform to API RP 540 [11.1] and '

the National Electrical Code (NEC) [11.2].

See Section 3101E3 for definitions of “new” (N) and “exist-
ing” (E). .

3111F.2 Hazardous area deszgnatzons and plans (N/E) Area
classifications shall be determined in accordance with API RP
500 [11.3], API RP 540 [11.1] and the NEC, Articles 500, 501,
504, 505, and 515 [11.2]. A marine oil terminal shall have a cur-
rent set of scaled plan drawings, with clearly deszgnated areas

showing the hazard class, division and group. The planview shall

be supplemented with sections, elevations and details to clearly
delineate thearea classification at all élevations starting from low
water level, The drawings shall be certified by a professional elec-
trical engineer. The plans-shall be reviewed, and revised when
modifications to the structure, product or equipment change haz-
ardous area identifications or boundaries. .

3111F.3 Identification and Tagging. All electrical equipment,
cables and conductors shall be clearly identified by means of tags,
plates, color coding or other effective means to facilitate trouble-
shooting and improve safety, and shall conform to the identifica-
tion carried out for the adjacent on-shore facilities (N). Topics for
such identification are found in the NEC Articles 110, 200, 210,
230, 384, 480, and 504 [11.2]. Existing electrical equipment (E)
shall be tagged.

Where identification is necessary for the proper and safe opera-
tion of the equipment, the marking shall be clearly visible and illu-
minated (N/E). A coded identification system shall apply to all
circuits, carrying low or high voltage power control, supervisory
or communication (N ).

3111F4 Purged orPressurtzed Equipment In Hazardous Loca-
tions (N/E). Purged or pressurized enclosures shall be capable of
preventing the entry of combustible gases into such spaces, in ac-
cordance with NFPA 496 [11.4]. Special emphasis shall-be placed
on reliability and ease of operation. The pressurizing equipment
shall be electrically monitored and alarms shall be provided to in-

\ dicate jailure of the pressurizing or purging systems.

3111F5 Electrical Service. Where critical circuits are used fo:

. spill prevention, fire control or life safety, an allernative service

derived from a separate source and conduit system, shall be lo-

* cated al a safe distance from the main power service. A separate

Jeeder from a double-ended substation or other source backed up

JANUARY 81, 2005 SUPPLEMENT

by emergency generators will meet this requirement. An uninfer-
rupted power service (UPS) shall be provided for control and su-
pervisory circuits associated with ESD systems (N).

1. Electrical, instrument and control systems used (o acliviate
equipment needed 1o control a fire or mitigate ils consequences
shall be protected from fire and remain operable for 15 minutes in
a 2000 °F fire, unless designed 1o fail-safe during fire exposure.
The temperature around these critical components shall not ex-
ceed 200 °F during 15 minutes of fire exposure (N).

2. Wiring in fireproofed conduits shall be derated 15 percent to
account for heat buildup during normal operation. Type MI (min-
eralinsulated, metal sheathed [11.2]) cablesmay be used inlieuof
fireproofing of wiring (N).

3. Emergency cables and conductors shall be located where
they are protected from damage caused by traffic, corrosion or
other sources (N). '

"4. Allowance shall be made for electrical faults, overvoltages

' and other abnormalities (N).

Where solid state motor controls are used for starting and speed
control, corrective measures shall be incorporated for mitigating
the possible generation of harmonic currents that may affect the
ESD or other: critical systems (N).

3111F.6 Grounding and Bonding (N/E).

1. All electrical equipment shall be effectively grounded as per
NEC Article 250 [11.2]. All noncurrent carrying metallic equip-
ment, structures, piping and other elements shall also be effective-
ly grounded.

2. Grounding shall be considered in any active corrosion
protection system for on-shore piping, submerged support struc-
tures or other systems. Insulation barriers, including flanges or
non-conducting hoses shall be used to isolate cathodic protection
systems from other electricalfstatic sources. None of these systems
shall be compromised by grounding or bonding arrangements that
may interconnect the corrosion protection systems or interfere
with them in any way that would reduce their effectiveness.

23 Bonding of vessels to the MOT structure is not permitied (2
CCR 2341 (f)) [11.5].

4. Whenever flanges of pipelines with cathodic protection are
to be opened for repair or other work, the flanges shall be bonded
prior to separation.

5. Direct wiring to ground shall be provided from all lowers,
loadmg arms or other high structures that are susceptlble tolight-
ning surges or strikes.

3111F.7 Equipment Specifications (N). All electrical systems
and components shall conform to National Electrical Manufac-
turers Association (NEMA) standards or be certified by a Nation-
ally Recognized Testing Laboratory (NRTL).

3111F.8 Illumination (N/E). Lighting shall conform to 2 CCR
2365 [11.6] and 33 CFR 154.570 (d) [11.7].

3111F.9 Communications and Control Systems.

3111F.9.1 Communication Systems (N/E). Communications
systems shall comply with2 CCR 2370 [11.8], and conform to Sec-
tion 6 of [11.9].

3111F.9.2 Overfill Monitoring and Controls (N/E). Overfill
prolection systems shall conform to Appendix C of API RP 2350
[11.10]. These systems shall be tested before each transfer opera-
tion or monthly, whichever is less frequent. Where vessel or barge
overfill sensors and alarms are provided, they shall comply with
33 CFR154.812 [11.11].
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Allsumps shall be provided with level sensing devices to initiate
analarm to alert the operator at the approach of a high level con-
dition. A second alarm shall be initiated at a high-high level to
alert the operator. Unless gravity drainage is provided, siunps
must have an automatic pump, programmed to start at a pre-deter-
nined safe level.

3111F.10 Corrosion Protection.

3111F.10.1 CorrosionAssessment(N/E).Anassessmentshall be
performed to determine the existing and potential corrosion. This
assessment should include all steel or metallic components, in-
cluding the structure, pipelines, supports or other ancillary equip-
ment, with drawings and specificalions for corrosion
prevention/protection. The assessment shall be performed by a li-
censed professional engineer, using the methods and criteria pre-
scribed in [11.12].

3111F.10.2 Inspection, Testing and Records (N/E). For sacrifi-
cial anode systems, periodic underwater inspections shall be per-
formed and observations recorded. For impressed current
systems, monthly rectifier readings and annual potential readings
of the protected components shall be taken. If potential readings

for steel structures are outside of acceptable limits (between -0.85

[11.13] and -1.10 Volts), corrective actions shall be taken. Volt-
age drops other than across the structure-to-electrolyte boundary
must be considered for valid interpretations of potential measure-
ment. Consideration is understood to mean the application of
sound engineering practice in determining the significance of
voltage drops by methods such as:

1. Measuring or calculating voltage drop(s)

. 2. Reviewing historical performance of the Cathodic Protec-
tion System (CPS) - :

3. Evaluating the physical and electrical characteristics of the
structure and the environment

4. Determining whether or not there is physical evidence of
corrosion

All isolating sections shall be tested immediately after installa-
tion or replacement, and, at a minimum, annually. Test results
shall be recorded and documented. Electrical tests on insulating
flanges shall make use of specialized insulator testers. The test in-
strument shall make use of RF signals, capacitive measurements
or other means to clearly determine whether an insulating flange
is shorted or open circuited without being affected by pipe-to-soil
potentials, cathodic protection voltages or whether it is buried or
exposed. ' :

The cathodic protection inspection for buried or submerged
pipelines shall conform to API 570 [11.14].

' Insulating and isoi’aring arrangements for protection against
static, stray and impressed currents shall be tested in accordance
with 2 CCR 2341(d) and 2380 [11.15].

3111F.11 References.

[11.1] American Petroleum Institute, 1999, API Recom-
mended Practice 540 (APIRP 540), “Electrz'(_:al Instal-
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lations in Petroleum Processing Plants,” 4" ed.,
Washington, D.C.

National Fire Protection Assoctation, 2002, NFFA 70,
“National Electric Code (NEC),"” Quincy, MA.

American Petroleum Institute, 1997, API Recom-
mended Practice 500 (API RP 500), “Recommended
Practice for Classification of Locations for Electrical
Installations at Petroleum Facilities Classified as
Class I, Division 1 and Division 2, " 2" ed., Washing-
ton, D.C. '

National Fire Protection Association, 1998, NFFA
496, “Standard for Purged and Pressurized Enclo-
sures for Electrical Equipment,” Quincy, MA.

2 CCR2341(f), Title 2, California Code of regulations,
Section 2341()).

2 CCR 2365, Title 2 California Code of Regulations,
Section 2365. '

33 CFR 154.570(d), Title 33 Code of Federal Regula-
tions Section 154.570(d).

2 CCR 237b, Title 2 California Code of Regulations,
Section 2370.

Oil Companies International Marine Forum
(OCIMF), 1987, “Guide on Marine Terminal Fire
Protection and Emergency Evacuation,” 1% ed., Wi-
therby, London. '

[11.10] American Petroleum Institute, 1996, API Recom-
' mended Practice 2350 (API RP 2350), “Overfill
Protection for Storage Tanks,” 2™ ed., Washington,

. D.C. o

[11.11] 33 CFR 154.812, Title 33, Code of Federal Regula-
tions, Section 154.812 — Facility Requirements for
Vessel Liquid Overfill Protection.

[11.12] National Association of Corrosion Engineers (NACE),
Standard ~ Recommended  Practice, 1994,
RP0176-1994 “Corrosion Control of Steel Fixed Off-
shore Platforms Associated with Petroleum Produc-
tion,” Houston, TX.

[11.2]

[11.3]

[11.4]

" [1L.5]
[11.6]
[1L.7]

- [11.8]

[11.9]

[11.13] Department of Defense, 31 January 1990, Military-

Handbook, “Electrical Engineering Cathodic Protec-
tion,” MIL-HDBK-1004/10, Washington, D.C.,

[11.14] American Petroleum Institute, 2002, API 570, “Piping
Inspection Code”, 2" ed., October 1998 (February
2000 Addendum 1), Washington, D.C.

[11.15] 2 CCR 2341(d) and 2380, Title 2, California Code of
Regulations, Sections 2341(d) and 2380.

Authority: Sections 8755 and 8757, Public Resources Code.
Reference: Sections 8750, 8751, 8755 and 8757, Public Re-
sources Code.
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Section 470A.2.3 - In item 7, revise “water closet™ to “toilet™.
Section 470A.2.6 — In item 4, revise “water closet™ to “toilet™.
Section 470A.2.7 - In item 4, revise “water closet™ to “toilet™.
Section 470A.2.8 - In item 3, revise “water closets™ to “toilets™,

Section 470A.2.9 —In item 1, after the word “inmate™ add *;” and
delete the words “exclusive of circulation corridors of 3 feet (914

mm) in width in front of cells/rooms;”; and in item 3 revise “water

closets™ to “toilets”.

Section 470A.2.10 — Insert a new paragraph 3 to read “The exer-
cise area must contain or provide free access to a toilet, wash ba-
sin, and drinking fountain as provided in Section 470A.3.”

Section 470A.2.12 —revise the first sentence to read “There must -
be a minimum of one suitably equipped medical examination®

room in every facility which provides on-site health care.” ; add
items “4. Provide lockable storage for medical supplies.” and “5.
Any room where medical procedures are provided must be
equipped with hot and cold running water.”

Section 470A 2.15.- Delete heading and the entire section.
Section 470A.2.22 — Delete the last sentence.

Section 470A.2.25 —Revise to read “There must be a minimum of
one suitably furnished interview room for confidential interviews
in every facility which provides on=site health care. The interview

room shall be designed in consultation with responsible custody

staff and health care staff. Such an interview room shall:”

Section A3.1 — Revise the title to read “Toilets/urinals.”; delete .

the section language and its exception inserting 6 new items and a
Note. ’

Section 470A.3.2 — Revise the first “Wash Basins.” To a bold
title; omit the balance of the language and exception; insert 7 new
items.

Section 470A.3.3 —-Revise the first sentence to read “... single,-dc-
-cupancy cell, double accupancy cell, dormitory, temporary hold-

ing cell, temporary staging cell, and sobering cell and be

accessible to the occupants of dayrooms and exercise areas.”; re-
vise itern 1 to replace both locations of “water outlet” with “drink-

ing fountain bubbler”; delete item 2; renumber item 3 as item 2.

Section 470A..3.4 —add “NOTE: Shower areas shall provide mod-
esty for inmates with staff being able to visually supervise.”.

Section 470A.3.5—1In all locations revise “beds/bunks” to “beds™.

Section 470A.3.9 — in the title delete “/shelves/clothes hooks”;
and delete all but the first sentence. .

Section 470A3.10— Replace the first sentence with “In temporary

holding and temporary staging cells, seatmg must be securely -

fixed to the floor and/or wall.”

9. January 2, 2003 Supplement approved by the California
Building Standards Commission on January 31, 2001, Filed with
the Secretary of State on February 2, 2001, published January 1,
2003, and effective 180 days after publication — July 1, 2003:

Section 460A.1.7 —In item 3, revise “...
read “... a minimum of 144 ...”.

Section 460A.1.8 — In item 3, revise “...
read “... a minimum of 144 ...”,

Section 460A.1.11 — Replace item 1. language.

Section 460A.1.11 —1In item 1.1, revise “...
one quarter ...”.

Section 460A.1.11 — Revise item 1.2 to read “The required recre-
ation area shall contain no single dimension less than 40 feet.”

a maximum of 144 ...” to

a'maximum of 144 ...” fo

one half...” to read “...

JANUARY 31, 2005 SUPPLEMENT

- Section 470A.1 — Under Living Areas, rev1se

. HISTORY NOTE APPENDIX

Section 460A.1.12 — Revise to read “Academic Classrooms.
There shall be dedicated academic classroom space for every ju-
venile in every facility. The primary purpose for the academic
classroom shall be for education. Each academic classroom shall
contain ...”; and, add the NOTE words as the last sentence of this
section.

Section 460A.1.14 — delete the “and,” for the end of item 4; and,
delete the “.” and add “; and,” to the end of item 5; and, insert a new
item “6. Smooth, non porous, washable surfaces.”

Section 460A. 2 1—Revise the NOTE of item 3 to read “... provide
modesty for ..

Section 460A.2.3 —

Section 460A.2.5 — Delete the last “.” And add new 'language “or
measured from any side of the bed. Beds placed

insert new items 1. and 2.

.as detoxxﬁca-

tion safety ...” to read “... as sobering safety ...".

Section 470A.2.1 — Initem 3., revise “A detoxification cell ...” to
read “A sobering cell ...”; and, at the end, add “For those facilities
that accept male and female intoxicated inmates, two sobering
cells shall be provided.”

Section 470A.2.1 — Revise item 4. to read “Access to a shower
within the secure portion of the facility.” ,

Section470A.2.1—- Add anew item “8. Unobstructed access to hot
and cold running water for staff use.”

Section 470A.2.4 — Revise it to read “Sobering cell. A sobering
cell shall:”’; and, add a new itém “8, Have accessible a shower in
the secure portion of the facility.”

Section 470A.2.5~In item 1 revise the second line to read “... with
no-one floor dimension being less than 6 feet ...”; and, add a new
item “8. any wall or ceiling mounted devices must be inaccessible
to the inmate occupant.”

Section 470A.2.8 — In item 1 revise the second line to read “...
single-bed unit; a minimum of 70 square ...””; and, revise the third
line to read “...double-bed unit; and a minimum of 90 square feet
for a triple-bed unit and have a minimum ...”.

Section 470A.2.9 - Atthe end of item 2. delete the “.” And add the
words “allowed access at a given time;”

Section 470A.2.14 —Add a new second paragraph to read “If neg-
ative pressure isolation rooms are being planned they shall be de-
signed to recognized industry standards.”

Section 470A.2.16 — Revise the language in the third to the end of
the section to read “... to purchase items. When commissary sup-
plies are kept within the security perimeter for a facility, an area
shall be provided for the secure storage of the stock for such in-
mate canteen items.”

Section 470A.2.20 — Revise the second line to read “... janitor’s
closet, with sufficient area ...”; and, revise the third line to read “...
cleaning implements and supplies, must be ...”; and revise the
fourth line to read “... of the facility. A mop sink shall also be avail-
able within the security area of the facility. In court holding, ...”

Section 470A.3.5 — Revise the first line to read “... must be ele-
vated off the floor, have a solid bottom, and a sleeping surface of at
least ...”; and in the second and third lines, end the sentence at
“long.” delete the words “and be of the pan-bottom type or
constructed of concrete.”

Section 470A.3. 8 Revise “In detoxn‘lcatlon cells..
sobering cells ..

10. (OSHPD EF 01/02) Amend Chapters 4 and 10 of Part 2,
Title 24. Approved as emergency by the California Building Stan-
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. to read “In
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dards Commission on January 15, 2003 and filed with the Secre-
tary of State on January 16, 2003. Effective January 16, 2003.

11. Errata February 1, 2003:
Page 1-30: In Division 6 Occupancies, add reference to Appendix
Chapter 3A.

Page 1-116, In Section 1004.3.4.3, insert [For SFM] and revise
“...or more in Group E shall...” to “or more; and Group E
shall ...”

Page 1-134.82: In Figure 11B-18A, revise both -parking stall
widths to 9'~0" and the crosshatched divider to 5'-0".

Page 1-134.83: In both Figures 11B- 18B and 11B-18C, revise -

parking stall width to 9/-07,

12. (SFM 3/02) Swing of Patient Room Doors. Amend Section
1007.511. Approved by the Building Standards Commission on
May 14, 2003 and effective 180 days after publication.

13. (BOC 01/02) Design Criteria for Furnishings and Equip-
ment. Adopt Section 460A.2.10 Design Criteria for Required
Spaces. Amend Sections = 460A.1.2; 460A.1.5-460A.1.9;
460A.1.13. Approved by the Building Standards Commxssnon on
July 16, 2003 and effective 180 days after publication.

14, (SFM EF 06/03) Senate Bill 1896 Bedridden Clients in
Residential Care Famlxtles-—Repealed emergency expired Janu-
ary 8, 2004.

15. (SFM EF 01/04) Senate Bill 1896 Bedridden Clients in

Residential Care Facilities. Amend various sections of the Cali-
fornia Building and Fire Codes. Approved on an emergency basis

by the California Building Standards Commission on November
18, 2004, effective November 22,.2004.

16. Errata April 8, 2005 to November 22,2004 Emergency
Supplement: .

Page 1-50.12A: Delete Table 8-B erroneously located in Chapter
4A.

Page 1-92: Insert requi'rements for R2 Occupancies- into Table
" 8-B, renumber Footnote 7 to 8, and insert new Footnote 7.

17. (SFM EF 01/04) Senate Bill 1896 Bedridden Clients in
Residential Care Facilities. Amend Sections 107.17.14; 203-B;
310.1; add new Section 415A; amend Table 8-A; Sections
904.2.10 and 1003.3.1.8.1. Approved as permanent by the Build-
ing Standards Commission on March 16, 2005.

18. (CSLCEF 2/05) Amend Title 24, Part 2 with the addition of
Chapter31F. Various sections. Approved by the California Build-
ing Standards Commission on January 19,2005 and filed with the
Secretary of State on January 31, 2005. Effective 180 days after
publication.
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